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The Institute in Wartime 


The 36th Annual Report of the Institute of 
British Foundrymen—reproduced elsewhere in 
this issue—is a document of unusual interest 
4 it indicates the steps taken to ensure con- 
tinuity of service to members in wartime. More- 
wer, there is given in some detail an account of 
the International Foundry Congress held in 
London last June. From that modest statement 
of fact few would appreciate the outstanding 
success the Congress achieved, for obviously an 
oficial report is no medium for conjecture. 
Viewed either as an isolated international con- 
ference or by comparison with similar functions 
held abroad, it was an unquestioned success and 
for more than nine-tenths of its working, it 
responded to the acid test of perfection by re- 
vealing no “ visible organisation.” 

The most important feature of the Report is 
contained under the heading of “ Branch Activi- 
ties,” which clearly shows that the major work 
of the Institute has scarcely been impeded by the 
war. This is reflected in the increase of mem- 
bership, which, at 2,363, now constitutes a record 
for all time. The balance sheet is thoroughly 
satisfactory despite the large but worth-while 
reserve which was made for meeting the 
increased cost of the “ Proceedings.” It is now 
possible to assess public opinion on the new 
format and one particularly well-informed 
authority has stated that the “ Proceedings” in 
their present form are well ahead of any trans- 
actions of allied institutes and thereby are worth 
general emulation. It is pleasing to note that 
the South African Branch continues to make 
noteworthy progress, in the technical excellence 
of its Papers as well as in membership. Educa- 
tional work in connection with the Institute con- 





linues at an ever-increasing tempo year by year, 
and a larger number of candidates present them- 
selves for the various examinations which are 
Officially sponsored. These examinations have 
now been held sufficiently long to show that a 
tumber c/ the outstandingly successful entrants 
of but a ‘ew years ago, to-day hold responsible 
executive positions in the industry. 

lt is . calamity that the British Foundry 
School has suspended its activities. It never 
Was sufficiently supported by the industry and it 
may Well be that as a result of present conditions, 
8 true worth will be more generally realised 
When the time is ripe for reopening. The para- 
graph o:. International Relations makes pathetic 
reading for it is difficult at the moment to 
“isualisc future co-operation on the basis so 
Suecessf ily established in 1926. The Report 








always contains a note as to progress registered 
by the British Cast Iron Research Association, 
and this year it discloses the Association’s close 
connection with the Government departments, 
especially the section dealing with civil defence 
through furnace anti-glare provisions. 

The Cheltenham Conference having been 
abandoned, it has now been decided to ask the 
present officers of the Institute to continue to 
direct its affairs for another year. The motives 





PRINCIPAL CONTENTS 

he. - 
The Institute in Wartime ... 427 
Fook Reviews 4 ... 428 
Loudspeakers and Factory Ffficiency .. 428 
Random Shots ... . 428 
I.B.F.—The 36th Annual Report “~ 429 

Some of the Papers Prepared for the ‘Annual 

Meeting — 

Some Observations on Contraction in seed 
Cast Iron ... 432 

Design of Test- Pieces. ‘fer Carbon Steel 
Castings . 435 

The Extended ‘Uses of Cast Iron, with Special 
Reference to War Conditions.. 437 
Gas in Liquid Cast Iron ... 439 

Development of Some Gating ‘end Feeding 
Methods for High-Duty Alloys si 443 

Electro- a Practices for Zinc- Alloy Die- 
Castings 449 
Producing Sound ‘Castings in ieee . as 452 
Chain Slings i 454 
Acid Smelting in the Blast Furnace 455 
Technique of Training Apprentices 457 
The Week's News in Brief _— 459 
Trade Talk 459 
Personal 459 
Obituary ... re 459 
New Companies. ‘ 459 
Reports and Dividends 459 
Raw Material Markets 460 
Patent Specifications Accepted 450 
Applications for Trade Marks 4530 











for this are of a dual character. Primarily, it 
is obviously desirable to retain in office those 
who have served so well during the crisis and, 
secondly, any incoming President, being human, 
likes to have, similarly to his predecessors, a 
national conference in a centre of his own 
choosing. 

The Report carries as an appendix a para- 
graph of congratulation to the President, Mr. 
W. B. Lake, J.P., on the attainment of his seven- 
tieth birthday. We are sure that all our readers 
will echo the sentiments therein expressed. 
Everybody appreciates the great effort he is now 
making for the Institute despite the calls of his 
business and public activities. 

The eighth annual report of the Technical 
Committee discloses reduced activity. The pub- 
lication of the Special Report No. 2 on “ Melt- 
ing Furnaces for Grey Cast Iron” has received 


unanimous approbation. For the future, mem- 
bers must take the work of technicians in the 
U.S.A. as an example. In that country, dis- 
tances are so great that frequent committee 
meetings are impossible, with the result that 
the major part of the work of the large number 
of technical committees is carried out by corre- 
spondence. Moreover, this is accomplished with 
excellent results. The Americans well merit the 
appelation of being the world’s best correspon- 
dents. 

The award of the E. J. Fox Gold Medal to 
Mr. W. J. Dawson, a director of Hadfields, 
Limited, of Sheffield, and the chairman of the 
Steel Castings Research Committee, will be 
well: received, for the work so far accomplished 
has been of outstanding value to the industry. 

As a record of wartime work, the present re- 
port is full of encouragement for the future, 
but to maintain the Institute on its present basis 
much hard and continuous work by the Branch 
officials will be required. From past experi- 
ence, we know that this will be forthcoming. 

There were to have been presented seven 
Papers by eminent technicians. These will all 
be printed in our columns, a selection of them 
appearing on pages 432 to 448, and it is the 
earnest desire of the President and Council of 
the Institute that the authors should be en- 
couraged in the great efforts they have made 
by having their work freely discussed. It is 
reasonably certain that the response forthcom- 
ing will react upon the work of the technical 
sub-committees, for once the conveners can be 
assured of an active panel of good correspon- 
dents, work can proceed to fruitful results. 

The two Papers on gating and feeding by Mr. 
J. L. Francis and by Mr. A. E. Cartwright and 
Mr. C. C. Brisbois cover much the same ground, 
but whilst the former author seems to favour the 
“flared” type of feeding head, the second 
Paper puts forward the claims of bottle- 
shaped feeding heads. Mr. Pearce’s Paper 
is important from the angle of attracting 
new work to the ironfoundry. There must 
be many castings besides those he lists which 


are borderline cases between iron and 
steel. Another important statement is the 
announcement that the B.C.I.R.A. is in a posi- 


tion to advise on design with special reference 
to foundry technique. This, indeed, should be 
most helpful to ironfounders doubting the prac- 
ticability of any design submitted. We would 
like to congratulate the nine authors on the 
excellence of the Papers they have prepared. 








Book Reviews 
Sidney Gilchrist Thomas. By Lilian Gilchrist 


Thompson. Published by Faber & Faber, 
Limited, 24, Russell Square, London, 
S.W.1. Price 12s. 6d. 


The authoress of this fascinating book is the 
sister of Sidney Gilchrist Thomas—a lady now 
in her 81st year. The book is much more 
than a biography of a famous inventor in 
the metallurgical field—in many respects it 
resembles the “ Forsyte Saga.” The analogy is 
reinforced by references to Mapledurham (the 
country seat of Soames Forsyte) where 
Thomas’s grandfather owned a mill. Just as 
Thomas had completed his education at Dul- 
wich College, his father died, and he received 
a Civil Service appointment as a clerk in the 
Thames Police Court. Whilst waiting for the 
appointment to be effective, he obtained a tem- 
porary post as a classical master at a school at 
Braintree. His twelve years at the Thames 
Police Court must have been particularly 
strenuous, and probably contributed to his 
early death, this taking place when he was 
only 35. He studied the various branches of 
science at evening classes, especially those con- 
ducted by the Birkbeck Institute. He was early 
animated with the desire to make low-phos- 
Phorus steel from high-phosphorus pig-iron so 
as to utilise the vast reserves of ore then only 
suitable for the production of cast iron. 


The authoress tells her story very largely by 
drawing upon correspondence between various 
interested parties and relations and by quota- 
tions from contemporaneous documents. In 
the foreword, the authoress takes full responsi- 
bility for technical errors. There are a few, 
but they merely add piquancy to the story. 

For instance, the oxygen of the air is labelled 
the fuel, instead of the impurities in the pig- 
iron. In some correspondence with Percy 
Gilchrist, Thomas refers to using “a L’s 
lining,” and the reviewer is particularly in- 
trigued as to its real meaning. The profound 
economic results of the Thomas-Gilchrist in- 
ventions both in the fields of iron and steel 
and agriculture are well known to our readers. 
What is not so well known is that practically 
all the moneys accruing from the patents, re- 
presenting Thomas’s estate at his death, were 
devoted to charity, his sister being the sole 
trustee. The Sidney Gilchrist Thomas (Police 
Court Mission) Trust is a continuous reminder 
of the high ideals of this great British inventor. 
From the time of Thomas’s death, the book 
becomes an autobiography mainly concerned 
with the abatement of industrial abuses. The 
story abounds with names familiar to all stu- 
dents of metallurgy and social welfare, and 
it will act as a stimulant to those whose lives 
are devoted to industrial processes, technically 
or socially. 


fe oe 

Patternmaking. By T. Spedding. Published by 

Percival Marshall & Company, Limited, 60, 

Kingsway, London, W.C.2. Price Is. 84d. 

post free. 
The object of this small handbook is to out- 
line and illustrate the general principle of 
patternmaking, not so much with the idea of 
helping the skilled craftsman, but rather to aid 
the young engineer and draughtsman to better 
understanding of the making of castings. There 
are seven chapters, the first of which tells how 
castings are made. This is followed by a descrip- 
tion of the tools used and the timber. After 
describing some elementary jobs, the reader is 
introduced to the making of gearwheels and 
bedplate patterns. Core boxes, sloping joints 
and a few examples of more intricate jobs com- 
plete the contents, except for the inclusion of 
a _ glossary. 
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Loudspeakers and Factory 
Efficiency 


The installation of loudspeaker equipment in 
factories has been found to contribute very 
largely to overall efficiency as well as to 
advancing the rate of production. Since the 
outbreak of the war an increasing number of 
the larger manufacturing concerns throughout 
the country have, accordingly, taken advantage 
of this knowledge. 


One of the most successful ways in which 
this equipment is employed is by co-ordinating 
the various sections of a factory by providing 
a satisfactory method for locating individual 
members of the staff at widely separated points. 
In many factories which cover an extensive area 
messenger boys have been replaced by this 
system of communication, which is far more 
reliable and speedy, and in other instances bell 
installations or elaborate signalling systems have 
been superseded by this same broadcast call 
method. 


Messages to One or Several Departments 


By using a microphone to serve a number of 
distant loudspeakers, the complications and 
limitations of other forms of signalling are 
practically overcome, and an almost foolproof 
means of communication is introduced which 
saves both time and money. By means of it 
messages can be directed from a central execu- 
tive point to one or several departments as 
desired, the apparatus being equally adapted to 
purposes such as the direction of a staff and 
to the making of sectional or general announce- 
ments. 


In addition to this broadcast-call service, de- 
signed by the General Electric Company, 
Limited, the same equipment is used in factories 
for the amplification and distribution of sound 
from radio and gramophone records. A simple 
switching arrangement governs the equipment 
so that its entertainment purposes can be 
momentarily cut off for interposing calls for 
staff or sectional announcements. The em- 
ployment of the equipment for radio and 
gramophone records during active working 
hours in the factories concerned, has had re- 
sults that have justified it in full measure in 
respect to promoting the efficiency of operatives. 


Recreational and Instructional Uses 


There are numerous factories where enter- 
tainment of this kind is not provided during 
working hours, but is confined to factory 
canteens and recreation centres. Not only is 
the equipment used during meal intervals, but 
also for dances when the day’s work is done. 
A number of important concerns furthermore 
employ the equipment for instructional 
purposes, and for giving lectures to their staffs 
on various phases of their business. It is not 
even necessary for the speaker to be in the 
same room, for by the use of a microphone 
from a remote point he can address an audience 
through loudspeakers in the certain knowledge 
that every word will be heard irrespective of 
the size of that audience and the acoustic 
properties of the building in which it is con- 
gregated. 


In much the same way announcements are 
made at sports meetings, in directing squads 
engaged in fire drill and various A.R.-P. 
exercises; the uses to which such equipment can 
be put are, indeed, limited only by the 
imagination and enterprise of those responsible 
for its employment. 











THE MARINE ENGINEERING WORKS of John Dickin- 
son & Sons, Limited, at Palmer's Hill, Monkwear- 
mouth, have been acquired by _ Richardsons, 


Westgarth & Company, Limited. 





JUNE 13, 1940 
Random Shots 
In telling the story of Pennsylvania’. petro. 
leum an American writer points cut the 
generosity of Nature in creating it not only in 
abundance but also with plenty of the hydro. 


carbons which go to make up lubricating: stocks, 
He congratulates Nature on having left cut com- 
pounds which would complicate refiniig pro- 
cesses. Indeed, in many other spheres of life 
it is good to remember with gratitude the com- 
pleteness of Nature’s scheme of life; for it is 
easy enough to lose sight of it in the unnatural 
life into which the world is at the moment 
plunged. Is it not a remarkable coincidence 
that the season of the year which makes young 
lamb at its best is also the one which produces 
the new peas and mint to go with it? And what 
good are blackberries without apples in a well- 
baked pie? Is it not also a thoughtful Providence 
which makes salads prolific in the hot summer 
days in preference to the middle of winter? 


* * * 


In the determined effort to frustrate and con- 
found the enemy attempting any funny business 
in this country, not only have all the signposts 
been amputated but even the names of villages 
on the public footpath signs have been painted 
out. Did the man run out of paint or was it 
a strong sense of humour which made one 
“obliterator of signs” leave one to read as 
follows: “Public footpath to the Devil.” One 
can imagine the missing portion of the sign to 
be ——’s Punch Bowl, or ——’s Bridge, or 
—’s Dyke. 


Whilst many signs have been taken down, one 
was recently put up over the door of a large 
and smelly pigsty. It bore the rather super- 
fluous legend: “ Strictly private.” 


“London mannequins to train as draughts- 
women,” reads a newspaper headline. It is but 
a short step, apparently, from drawing on a 
frock to drawing on a sheet of paper, and not 
so much difference, after all, between showing 
off some blue satin and showing up some blue 
print. 

® * e 


Mr. Schwartz, of Cleveland, Ohio, has once 
again come to the rescue in explaining American 
slang. This time it is in answer to 
“ Marksman’s ” queries over Prof. Comstock’s 
lecture before a district meeting of American 
foundrymen:—A “wildcat,” apparently, is a 
mining or oil-drilling venture of a character 
which would be complimented by calling it 
speculative. It may be non-existent, but even 
so might be sold to a “sucker.” An American 
“sucker” is what in England would be called 
a “greenhorn.” Even Mr. Schwartz does not 
know the exact significance of a “ doodlebug, 
but suspects that “whatever it is it will be 
about as straight and above-board as a ‘wild- 
cat” mine.” 


« * + 


The writer of the following story, which 
appeared recently in a local paper, swears that 
it is a stock story amongst Lancashire members 
of the I.B.F. Many members of long standing, 
however, deny all knowledge of it: others say 
it’s an old ‘un. A donkey, harnessed to a heavy 
cart, stopped at a hump-backed bridge and re- 
fused to move. Along came an out-of-work 
moulder, who offered to move the brute if the 
driver would stand him one. The moulder just 
whispered in the donkey's ear and over it went 
like a lamb. The driver wanted to know how 
it was done. “Ah nobbut sed if tha doesn 
goo ower that bridge, Ah’ll send thi back 10 
t’ foundry,” the moulder said. The theory ' 
of course, that all donkeys are just reincarnated 
foundrymen. 


“ MARKSMAN.” 
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This report covers the period May 1, 1939, 


Bo April 30, 1940. The first four months of the 
griod under review, namely, May to August, 
was a time of considerable activity, the most 
notable feature being the International Foundry 
Congress. 


The outbreak of war found most of the 
Branches with their winter programmes 


arranged, but consequent upon the general un- 
certainty some delay was experienced by some 
Branches in commencing their winter’s work. 
By the end of 1939 many of the Institute’s activi- 


ties were functioning under almost normal con- 
ditions, and it is satisfactory to be able to record 
that the Institute’s membership shows an increase 
over that of twelve months ago, and the finan- 
cial condition is satisfactory. 


Deaths 


It is with regret that the Council reports the 
deaths of ten members; amongst some of those 


who were well known were the following : — 


Mr. W. H. Sherburn, a Life Member of the 
Institute, which he joined in 1906. He was 
the second President of the Lancashire Branch, 
and was prominently associated with that 
Branch for many years. He was awarded the 
Oliver Stubbs Medal in 1923. 

Mr. J. E. Fletcher, who was one of the best- 
known personalities in the ironfoundry indus- 
try, and also in the wrought-iron industry. 
He was responsible for many new develop- 
ments, was the author of numerous Papers, 
and was for many years consultant to the 
British Cast Iron Research Association. 

Mr. J. H. Quicke, of Madeira, who took a 
close interest in the Institute’s work in spite 
of his being resident so far away from this 
country. 

Mr. C. M. Tate, a well-known member of 
the Lancashire Branch, who was a consistent 
and strong supporter of the Burnley Section 
of that Branch. 

Mr. J. Chadwick, of Bolton, a Life Member. 
The Council also records with regret the 

deaths of the following non-members:— 

Mrs. J. Hepworth, wife of Mr. J. Hepworth, 
J.P., M.P., President in 1938-39. 

Mr. R. S. MacPherran, an American metal- 
lurgist of world-wide reputation, who was par- 
ticularly well known in this country, which 
he had visited on many occasions. 

Mr. F. W. Bridges, who was responsible for 
the organisation of the numerous Foundry 
Exhibitions which were held in London, and 
whose hospitality had been enjoyed by mem- 
bers of the Institute on many occasions. 


Honours Conferred Upon Members 
Amongst those members who received honours 


during the period covered by this Report are 
the following: — 
Sir Robert A. Hadfield, Bart., F.R.S., was 
made a Freeman of the City of Sheffield. 


Prof Sir H. C. H. Carpenter, F.R.S., was 
awarded the Honda Prize of the Japan Metal- 


lurgica! Society and was the first foreigner to 
receive this award. 

Mr. ’. E. Hurst, Past-President, has received 
the Honorary Degree of Doctor of Metallurgy 
of the University of Sheffield. 

Lor.: Austin of Longbridge has been elected 
President of the British Cast Iron Research 
Assoc tion. 

Mr. C. W. Bigg, Past-President, was ap- 
pointe: Director for Iron Castings of the Iron 


and S'cel Control of the Ministry of Supply. 


Prof. J. H. Andrew, D.Sc., has been elected 
President of the Institute of Vitreous Enamel- 
lers. 

Finance 

The year 1939 was somewhat difficult finan- 
cially, but it is satisfactory to report that the 
year’s working showed a surplus of £25 income 
over expenditure. The very heavy expenditure 
incurred on account of the International Foundry 
Congress was entirely met by the funds of the 
Congress itself, which were derived from volun- 
tary contributions and by payments from those 
who participated. The heavy cost of printing 
the Papers was largely met by the registration 
fees. 

The item of printing and stationery, however, 
shows an increase over the same item in 1938, 
and this is due to a reserve having been made 
for the increased cost of the exceptionally large 
volume of “ Proceedings” published in April, 
1940. This reserve is a special item of expendi- 
ture, and will not be a recurring charge. 





Mr. W. B. Lake, J.P. 
(President of the Institute). 


Awards 

E. J. Fox Gold Medal.—On the recommenda- 
tion of the Assessors, Sir W. J. Larke, and Prof. 
Sir H. C. H. Carpenter, the E. J. Fox Gold 
Medal for 1939 was awarded to Dr. H. A. 
Schwartz, of Cleveland, Ohio, “in recognition 
of the outstanding services which he has rendered 
to the development of malleable iron castings.” 
The Medal was presented to Dr. Schwartz by 
the Lord Mayor of London at the opening meet- 
ing of the International Foundry Congress. 

The Council has accepted the recommenda- 
tion of the Assessors to make the 1940 award 
to Mr. W. J. Dawson, chairman of the Steel 
Castings Research Committee, “in recognition of 
his services to the industry as chairman of this 
Committee, and in other capacities.” 

Oliver Stubbs Gold Medal.—The Oliver Stubbs 
Gold Medal for the year 1939 was awarded to 
Mr. J. G. Pearce, director of the British Cast 
Iron Research Association, and a member of the 
Council of the Institute, “in recognition of the 
many Papers which he has presented to the 
Institute, and for the work he has done in pro- 
moting the aims and objects thereof.” The pre- 
sentation was made to Mr. Pearce by the Lord 


Mayor of London at the International Foundry 
Congress. 

Meritorious Services Medal.—The Meritorious 
Services Medal was awarded to Mr. J. E. Cooke 
for his services in an administrative capacity, 
particularly as Honorary Secretary of the Lanca- 
shire Branch. 

Diplomas.—The following Diplomas were 
awarded in June, 1939, for Papers presented to 
Branches during the previous winter session:— 

Mr. W. W. Braidwood, Scottish Branch. 

Mr. S. Carter and Mr. A. W. Walker, West 
Riding of Yorkshire Branch. 

Mr. R. D. Lawrie, Lancashire Branch. 

Mr. W. West and Mr. C. C. Hodgson, Lanca- 
shire Branch. 

Mr. J. Dearden, Scottish Branch. 

Diplomas were also awarded to the following 
authors for Papers presented to the International 
Foundry Congress:—Mr. G. L. Bailey, Mr. F. A. 
Melmoth, Mr. A. J. Murphy, Mr. J. J. Sheehan, 
and Mr. G. R. Shotton. 

Buchanan Medals and Prizes.—The awards of 
the Buchanan Medals and Prizes are given later 
in this Report under the section, Educational 
Work. 

John Surtees Memorial Competition—The 
examinations for the award of the John Surtees 
Medals and Prizes are held alternately by the 
Scottish and Newcastle Branches. The awards 
in the 1940 competition conducted by the Scot- 
tish Branch are as follow:— 

Gold Medal.—John Allan, Glasgow. 

_ Medal.—Christopher A. Kay, Mother- 
well. 

Supplementary Prizes——Robert B. Jamieson, 
Glasgow; A. Mackintosh, Glasgow. 


Edward Williams Lecture 


The Fourth Edward Williams Lecture was 
delivered by Prof. W. L. Bragg, O.B.E., M.C., 
D.Sc., M.A., F.R.S., at the opening session of 
the International Foundry Congress in June, and 
was on “ The Atomic Pattern of Metals.” 


International Foundry Congress 


This Institute was entrusted by the Interna- 
tional Committee of Foundry Technical Associa- 
tions with the organisation of the 1939 Inter- 
national Foundry Congress. The Congress was 
held in the Dorchester Hotel, London, from 
June 12 to 17, and was attended by some 650 
members of various foundry associations, and 
ladies, representing 22 countries. Mr. W. B. 
Lake, J.P., presided over the opening meeting, 
and he and the Vice-Presidents, Major R. Miles 
and Mr. D. H. Wood, together with Mr. F. J. 
Cook, Past-President, presided over other 
meetings. 

On the Sunday previous to the opening of 
the Congress a number of overseas visitors to- 
gether with some of the visitors to the Congress 
from this country, and their ladies, were enter- 
tained at a garden party by Mr. Barrington 
Hooper, C.B.E., and Mrs. Hooper, at their home 
“ Southward,” Harrow. 

The Congress was officially opened by the 
Rt. Hon. the Lord Mayor of London, Sir Frank 
Bowater, on Tuesday, June 13. The President 
then delivered his address, and the Edward 
Williams Lecture was delivered by Prof. W. L. 
Bragg. 

On the evening of the same day, the Congress 
was honoured by His Majesty’s Government, 
who gave a reception in honour of the Congress 
at Lancaster House, at which the guests were 
received by the Rt. Hon. Viscount Runciman, 
P.C. (Lord President of the Council), and the 
Viscountess Runciman. 
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On the evening of Wednesday, June 14, the 
banquet was held, at which the Rt. Hon. Oliver 
Stanley, M.C., M.P., President of the Board of 
Trade, and Dr. Guido Vanzetti, President of 
the International Committee of Foundry Tech- 
nical Associations, were the principal guests. 

On Thursday, June 15, members of the Con- 
gress and ladies were entertained at a reception 
and dance by the President, Mr. W. B. Lake, 
J.P., and Mrs. Lake, and on Saturday, June 17, 
members and ladies participated in a trip to 
Windsor and on the Thames. 

No fewer than 35 Papers on a variety of 
subjects of interest to the modern foundryman 
were presented by authors of several different 
nationalities. Of special interest were a num: 
ber of Papers on light alloys, and a special 
session on steel-foundry practice, held in con- 
junction with the Iron and Steel Institute. 

Members visited a number of works in the 
London area, also at Ipswich, Dunstable, Dart- 
ford, and in other towns easy of access from 
London. Various visits to works, art galleries 
and other places of interest were arranged for 
— including a visit to the interesting Barbers’ 

all. 
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Branches of the Institute participated, and enter- 
tained the visitors for periods in their respective 
areas; these Branches were the Birmingham, East 
Midlands, Sheffield, Lancashire, Scottish and 
Newcastle Branches. 

Through the efforts of the Branch members, 
and by the courtesy of various firms, visits were 
made to some of the most important foundries 
in the country. Considerable hospitality was 
given to the visitors, and especially to the ladies, 
for whom programmes were carried out in each 
centre. 

This tour was considered by all the visitors 
to be most successful, and they were profuse 
in their expression of thanks for the kindness 
and hospitality which they received. 

For the success of this tour, the Institute is 
greatly indebted to:— 

Presidents, Secretaries, Councils and members 
of the Branches which were visited. 

The various firms who invited the visitors 
to inspect their plants. 

The Civic Authorities in various cities and 
towns for their interest and practical help, par- 
ticularly to the Lord Provost of Glasgow for the 
magnificent Reception which he gave. 


TaBLE I.—Changes in Membership, 1939-1940. 























Sub- | 
scribing | Members. | Associate | Associates.| Associates} Total. 
firms. | members. | (etudents). 
At April 30, 1939 ay ew ae we 133 | (32 2,307 
Additions and transfers from other grades | 6 63 77 7 | 6 159 
| 80 | 1,037 1,171 140 38 2,466 
Loss and transfers to other grades. . oa 2 41 | 49 | 10 | 1 103 
At April 30, 1940 | 7 | 996 1122 | 130 | ~ 37 2,363 








Considerable hospitality was accorded by 
various individuals, especially by the directors 
of some of the works which were visited. 

The Council expresses its indebtedness to:— 

His Majesty’s Government, and the Rt. Hon. 
Viscount Runciman and Viscountess Runciman. 

Sir Frank Bowater, Kt. 

The Rt. Hon. Oliver Stanley, M.C., M.P. 

The Patrons of the Congress. 
oan’ W. L. Bragg, O.B.E., M.C., D.Sc., M.A., 

Mr. and Mrs. Barrington Hooper. 

Mr. J. Hepworth, J.P., M.P., Ex-President. 

The Ford Motor Company (England), Limited. 

Crane, Limited. 

Mr. A. W. G. and Mr. T.G. Bagshawe for their 
hospitality, and to all other firms who arranged 
visits to their works, and arranged hospitality. 

The Worshipful Company of Barbers. 

The Congress Organisation Committee. 

Mr. V. Delport, Secretary of the London 
Branch Organisation Committee, and to other 
members of the Committee. 

Mr. V. C. Faulkner, Past-President, and staff 
of THE FOUNDRY TRADE JOURNAL. 

Subscribers to the Congress funds, especially 
to the Foundry Trades’ Equipment and Supplies 
Association, for their very handsome donation. 

All the authors of Papers presented to the 
Congress, and to their respective firms. 

Dr. Guido Vanzetti, President of the Inter- 
national Committee of Foundry Technical Asso- 
ciations, and to the officials of the various Asso- 
ciations represented on the Committee. 

All who acted as Stewards, and to the many 
members of the Institute, particularly of the 
London Branch, who undertook willingly the 
very considerable amount of work involved. 


Post-Congress Tour 


The Post-Congress Tour which followed the 
International Congress enabled a number of the 
Overseas visitors to see much of the industrial 
activities and something of the scenic beauty of 
Great Britain. 

The tour lasted for two weeks, about 100 
Visitors participated in the first week, whilst 
nearly 40 remained for the second week. Six 


All those who provided the necessary funds, 
and to all who dispensed hospitality in any way. 


Branch Activities 

All the Branches with the exception of two 
have carried out programmes of meetings with 
Papers and discussions. Special local difficulties 
prevail in the case of the two Branches whose 
session’s programmes were cancelled, but even 
these Branches endeavoured to hold meetings in 
the spring. 

The energetic manner in which Branch 
officials and Branch Councils faced the difficult 
situation has been responsible for the successful 
winter’s work, which is just concluding, and the 
Council expresses its gratitude to these officials, 
and to the members of the Branches for their 
efforts. It is significant that a large proportion 
of the Branch meetings have been well attended, 
and the standard of Papers and discussions has 
been high. 

The South African Branch makes steady pro- 
gress, and is undertaking certain special work 
for the benefit of its members, in addition to its 
routine activities. A new departure was insti- 
tuted by this Branch, in that it contributed a 
Paper to the International Foundry Congress, 
the Paper being presented by the Branch Presi- 
dent, Mr. A. H. Guy. 


Tas_e II.—Analysis of Membership at April 30, 1940. 
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Educational Work 


The follewing are the results of the ex ‘mina. 
tions held under the auspices of the Ciiy and 
Guilds of London Institute and in conju action 
with this Institute, in April and May, 193° 











| No. of | Pass | Pass  Percen 
| candi- Ist 2nd age of 
dates. | class. | class asses, 
Patternmaking— | 
Intermediate grade | 61 | 17 | 27 72.6 
Patternmaking— | 
Final grade -.| 24 | is | 3 87.5 
Foundry practice and | | 
science is ..| lo | 35 «| «39 





Prizes were awarded to: — 
PATTERNMAKING—/ntermediate Grade 

Mr. Lance Bell, Constantine Technical Col- 
lege, Middlesbrough. Bronze Medal of the City 
and Guilds of London Institute. 
PATTERNMAKING—Final Grade 

Mr. Walter Glover, Coventry Technical Col- 
lege. Silver Medal of the City and Guilds of 
London Institute. 
FOUNDRY PRACTICE AND SCIENCE 

Mr. Lance Bell, Constantine Technical Col- 
lege, Middlesbrough. Bronze Medal of the City 
and Guilds of London Institute. 

Buchanan Silver Medals and Book Prizes were 
awarded to:— 
PATTERNMAKING—F inal 


Buchanan Silver Medal—Mr. William Charles 
Marshall, Abbey Street School, Derby. 


Buchanan Book Prizes—Mr. Walter Glover, 
Coventry Technical College. 

Mr. Alfred Eric Harlow, Coventry Technical 
College. 

Mr. Maurice Thurlow, Coventry Technical 
College. 

FOUNDRY PRACTICE AND SCIENCE 

Buchanan Silver Medal—Mr. 
Sherar, Abbey Street School, Derby. 

Buchanan Book Prizes—Mr. Lance Bell, Con- 
stantine Technical College, Middlesbrough. 

Mr. Albert Horton, Sheffield University. 

Mr. John Matthew Costello, Sheffield Uni- 
versity. 

National Certificates in Mechanical Engineering 

These certificates are issued by the Board of 
Education and the Institution of Mechanical 
Engineers, and endorsed by the President of this 
Institute in respect of special foundry subjects. 
Forty-four National Certificates have been so 
endorsed during the year, making a total of 
220 since the scheme was commenced. 

The Degree Course in Foundry Metallurgy at 
the University of Sheffield continues to make 
progress. 

The British Foundry School has completed 
four successful years, but has unfortunately been 
suspended temporarily due to the war. ; 

The first Fellowship offered by the Worship- 
ful Company of Founders for advanced training 
in foundry work has been won by Mr. Ludlow, 
a student of the British Foundry School. 


John Noel 





Subscrib- | | 

















Associate | Associates 
Branch. ing firms. Members.* | members. | Associates. (students). Total. 

Birmingham 8 (8) | 160 (157) | 157 (157) | 16 = (15) 8 (7) 349 344) 
East Midlands .. 4 (4) | 70 (67) | 97 (102) | 3. (5) 2 (2) 176 (180) 
Lancashire 14 (14) | 133 (127) | 209 (198) | 27 (25) | 1 (—) | 384 (364) 
London .. aa --| 10 (10) | 205 (203) | 121 (125) | 3 (5) — (—) 339 343) 
Middlesbrough... ..| 1 (1) | 30 (27) | 48 (44) | 8 (8) ; 94 (8%) 
Newcastle - «| 6 (7) | 32 (84) | 27 (30) | 55 (56) 11 (11) 131 (138) 
Scottish .. 7 (7) | 90 (99) | 193 (185) | 4 (6) 1 (2) 295 (299) 
Sheffield ae 7 (6) 97 (97) | 68 (69) | 2 (2) 1 (1) 175 175) 
South African . oa) Se 8 46 (41) 32 = (27) 9 (7) — (—) 100 nn 
Wales and Mon 3 (2) | 49 (44) | 53 (51) | — (—) | 6 @2) ml ( 
W.R. of Yorks .. 4 (5) | 57 (55) | 95 (89) $ wmi- & 159 (152) 
Unattached 1 (—) 27 (23) | 22 (17) | — (@) | — & 50 oy, 

76 (74) | 996 (974) 11,122 (1,094)! 130 (133) | 37 (32) | 2,363 (2.307) __ 





Figures in brackets are for April 30, 1939. 


* Including representatives of Subscribing Firm Members. 
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Kindred Associations 


Close relations continue between the Institute 
and kindred Institutions, a number of joint 
meetings having taken place during the year. 
The Council is particularly gratified that the 
jron and Steel Institute accepted an invitation 
to participate in a joint meeting on steel castings 
at the recent International Foundry Congress 
and thus enabled the Institute to reciprocate the 
iron and Steel Institute’s hospitality which has 
been enjoyed on several occasions. 


International Relations 


The close relations which have existed for 
many years between the Institute and corre- 
sponding bodies in other countries were further 
cemented by the International Foundry Congress 
held under the auspices of the Institute in June 
last. The outbreak of war has naturally inter- 
rupted any further development of this charac- 
ter and the International Foundry Congress 
arranged to be held in Italy during 1940 has 
been postponed until a more opportune time. 

The International Committee of Foundry 
Technical Associations and the International 
Committee on Testing Cast Iron held meetings 
in London in June, the former under the Presi- 
dency of Dr. Guido Vanzetti, of Milan, a mem- 
ber of the Institute, and the latter under Dr. 
J. E. Hurst, a Past-President of the Institute. 

The Secretary of the Institute was appointed 
Honorary Secretary of the latter Committee and 
continues to act as Secretary of the former. The 
active work of both Committees has now been 
suspended. ; 

Dr. Hurst attended the forty-third annual con- 
vention of the American Foundrymen’s Asso- 
ciation at Cincinnati in May, 1939, and presented 
the Institute’s Official Exchange Paper, the 
author of which was Mr. F. Whitehouse. The 
Exchange Paper on behalf of the Institute which 
has been prepared by Mr. J. J. Sheehan will 
be presented at the forthcoming convention of 
the American Foundrymen’s Association to be 
held at Chicago. 

Among the many Papers presented to the 
International Foundry Congress, were no fewer 
than eleven Papers presented on behalf of 
various overseas Foundry Associations, and this 
year a Paper is being presented on behalf of 
the American Foundrymen’s Association by two 
Canadian authors, namely, Mr. A. E. Cartwright 
and Mr. C. C. Brisbois. 


By-Laws and Supplementary Charter 

The By-laws which were approved at the 
adjourned annual general meeting on October 15, 
1938, were submitted to His Majesty’s Privy 
Council, together with an application for a 
Supplementary Charter rendered necessary in 
order to give the necessary powers to adopt 
certain of the new By-laws. The Privy Council 
has not been able to grant this Charter and it 
has been decided to leave the matter in abeyance 
until the end of the war. 


Publications 


For some years the Board of Development 
has given careful consideration to improvements 
in the methods and dates of publication of the 
Institute's “* Proceedings ” in order to give better 
service to members. The first step in the realisa- 
tion of the objects has been achieved in Volume 
XXXII of the “ Proceedings ” published in April 
this year. A larger-sized page has been intro- 
duced, the lay-out has been altered drastically 
and a new binding has been used. Many letters 
of appreciation and approval of the new format 

ave been received. It is hoped that the next 


issue will be further enhanced by the use of a 
more modern type face. Special Report No. 2, 
being a report of the Melting Furnaces Sub- 


Committee, was also issued during the year. 


British Cast Iron Research Association 

The work of the British Cast Iron Research 
Association proceeded normally until the out- 
break of war. From July, 1939, the abstracts 
OA Vitreous enamelling previously published in 
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the quarterly Bulletin were issued as a separate 
publication—“ Enamelling Abstracts ”—sent to 
members of the British Cast Iron Research Asso- 
ciation and the Institute of Vitreous Enamellers 
and available to others interested. The publica- 
tion is quarterly. 


The Association is registered by the Depart- 
ment of Scientific and Industrial Research as a 
central scientific agency for the industry and will 
act as an organised scientific unit, so that the 
services normally available are being continued. 
At the suggestion of the Home Office, the Asso- 
ciation is acting through the Anti-Glare Com- 
mittee, of which the director is chairman, as 
the body approving schemes for eliminating glare 
from foundry furnaces, in accordance with the 
requirements of the Civil Defence Act. Foun- 
dries may obtain a State grant up to 50 per cent. 
of the capital cost of an approved scheme. 

Both as part of its ordinary work and also 
through the Ironfounders’ National Confedera- 
tion, the Association is actively assisting in the 
extended uses of cast iron, in view of the 
national emergency. 





1940 E. J. FOX GOLD MEDALLIST 


Mr. W. J. Dawson received his early education at the Rother- 
ham Grammar School, and on leaving school was an articled 
pupil of Mr. F. J. Merril, of Sheffield, who carried on the laboratory 
and consulting practice previously conducted by the late Prof. J. 
O. Arnold, F.R.S., under the title of Arnold & Read. He com- 
pleted the full course in metallurgy at the old Technical School, 
Sheffield, which later became the Department of Metallurgy of the 
Sheffield University, and gained the Associateship in Metallurgy 
at the age of 18. 

Mr. Dawson’s first industrial post 
was in the laboratory of Sir Henry 
Bessemer’s works, but three years 
later he joined Hadfield’s, Limited, 
as an analytical chemist. After a 
very short time, he was put in 
charge of the steelmaking plant 
at the Hecla Works. During the 
last war, he was promoted to the 
position of metallurgical manager, 
taking complete control of the 
whole of the metallurgical activi- 
ties of the firm, including steel 
production. In 1919, he was 
given a seat on the board of 
directors. 

Throughout all this time, 
Mr. Dawson has been closely asso- 
ciated with the researches of 
Sir Robert Hadfield, Bart., F.R.S., 
and has consistently taken a pro- 
minent part in the development 
of austenitic and other ty 
of heat and _ corrosion-resisting 
steels. 

He is a member of a large number of research committees, tech- 
nical committees and societies, including the Lron and Steel Indus- 
trial Research Council of the British Iron and Steel Federation ; 
Iron and Steel Institute Heterogeneity of Steel Ingots Committee 
and Corrosion Committee ; Alloy Steels Research Committee, and 
the Steel Castings Research Committee. He has been a member 
of the last Committee since its inception in 1928 and Chairman 
from 1934, when it was re-constituted as a Joint Committee of 
the British Iron and Steel Federation and the Iron and Steel 
Institute. 











Council 


Four meetings of the Council and fifteen 
meetings of the Executive Committee and other 
standing committees have been held. These 
meetings have been held in London and Birming- 
ham. 

Of the ten members of the Council who are 
elected by ballot for a period of two years, 
five retire each year and the five who were to 
have retired at the annual general meeting which 
was arranged to be held on June 8 were:—Mr. 
H. Bunting, Dr. A. B. Everest, Mr. J. W. Gar- 
dom, Mr. B. Hird, and Mr. F. K. Neath. These 
gentlemen offer themselves for re-election and 
are eligible for re-election for a further period 
of two years. 


Officers 


The Council has unanimously requested the 
President and the Senior and Junior Vice-Presi- 
dents to accept nomination for re-election to 
their respective offices for the year 1940-41, and 
the officers concerned have agreed to accede to 
these requests. 

The Council wishes to express its thanks to 
Mr. S. H. Russell, Past-President and Honorary 
Treasurer, for the care with which he has man- 
aged the finances of the Institute and also for 
the work which he has carried out as Chairman 
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of the Organisation Committee. This office has 
involved an immense amount of detailed work 
which Mr. Russell has carried out with consider- 
able devotion and ability. 

The Council also wishes to remind members 
that Mr. Russell continues to act as Chairman 
of the Advisory Committee of the City and 
Guilds of London Institute in connection with 
Examinations in Foundry Practice and Science 
and Patternmaking, a position which he has 
held with considerable success for several years. 

The Council also wishes to thank Mr. J. W. 
Gardom, Convener of the Technical Committee, 
for his work and his devotion to the interests 
of the Committee during an exceptionally diffi- 
cult period. 

The Council has agreed to loan the services 
of the Secretary to the Iron and Steel Control 
of the Ministry of Supply and suitable arrange- 
ments have been made to continue the secretarial 
work of the Institute through the Assistant 


Secretary and under the direction of the Secre- 
tary. 


Annual Conference 


In accordance with the normal rota, it had 
been arranged that the Conference in 1940 
should take place at Middlesbrough and the 
Middlesbrough Branch had already made con- 
siderable progress with the arrangements. The 
outbreak of war necessitated that the matter be 
reconsidered and it was decided to hold a short 
Conference at an easily accessible centre; after 
careful consideration Cheltenham was chosen. 
A Conference was arranged to be held at Chel- 
tenham on Friday and Saturday, June 7 and 8, 
but later the meeting was cancelled. The Coun- 
cil gratefully acknowledge the assistance which 
it received in the organisation of the Conference 
from the civic authorities in Cheltenham and 
the hospitality which was offered by His Worship 
the Mayor. The Council is grateful to the 
Middlesbrough Branch for agreeing to postpone 
its claim to a Conference until a later date. 


The report is signed by Mr. W. B. Lake, Presi- 
dent, and Mr. T. Makemson, Secretary. 

The following paragraph appears at the end 
of the report. 

“The Council feels that it is expressing the 
feelings of all members of the Institute in ten- 
dering its congratulations to the President, Mr. 
W. B. Lake, on the attainment of his seventieth 
birthday, which occurred during the Post-Con- 
gress Tour in June last. A presentation was 
made to him by the members of the tour in 
Manchester, and on his return to Braintree he 
was the recipient of several presentations in- 
cluding a portrait in oils from his co-directors, 
staff, and workpeople.—T.M.” 


EIGHTH ANNUAL REPORT OF THE 
TECHNICAL COMMITTEE 

The work of the Technical Committee is one 
of the few activities of the Institute which have 
been interrupted by the war. Membership of 
the Committee necessitates the carrying out of 
a certain amount of work of a technical nature, 
which is done by the members voluntarily in 
their own time. The war has brought its own 
especial problems and intense activity to most 
of these members in regard to the firms with 
which they are associated, and it has not been 
possible therefore for them to devote quite the 
same amount of time to the Technical Com- 
mittee activities. 

In spite of these preoccupations, the members 
have accomplished a good deal of work during 
the year. Close co-operation has been main- 
tained in the preparation and revision of speci- 
fications of interest to the industry. Several sub- 
committees have made progress with some of 
the investigations which they have in hand, and 
the Melting Furnaces Sub-Committee has com- 
pleted a valuable piece of work by the publica- 
tion of Special Report No. 2 on “ Melting 
Furnaces for Grey Cast Iron.” 

The question of policy during the war period 


(Continued on page 432.) 
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Some of the Papers Prepared for the Annual Meeting 


The Cheltenham Conference having been abandoned, the Institute has decided that the Papers 


vhich 


were prepared should be published forthwith. The President and the Council make an appeal to the 


members to discuss, in writing, each Paper exactly as if it had been presented at a Conference. 
contributions should initially be sent to Mr. J. Bolton, St. John Street Chambers, Deansgate, Manches‘er, 3 








Such 


Some Observations on Contraction in 


Grey Cast Iron 


By E. LONGDEN, A.M.I.Mech.E. 


The term “contraction in cast iron” is used 
in this Paper to define the reduction in volume 
which operates from the point of solidification 
to atmospheric temperature. Reduction in 
volume from casting temperature to the point 
of solidification might well be defined as 
“ shrinkage,” although both terms are used to 
describe a diminution in volume. 

The amount of contraction and degree of 
distortion in a casting will have relationship to 
the chemical and physical properties of the 
metal, design and method of manufacture. 
Factors influencing contraction include :— 

(1) Chemical composition of the alloy. 

(2) Melting conditions, pouring temperature 
and superheat of the metal. 

(3) Design, section and volume related to 
section. 

(4) Size, shape, location and distribution of 
runner and riser gates. 

(5) Character of the mould and core 
materials and their condition when the metal 
is poured into the mould. 

(6) Method of moulding and coremaking. 
It is not intended to detail the influences 

stated above, but to offer further information 
about the behaviour of castings during cooling. 
In the past, standard contraction has been laid 
down for cast iron irrespective of its very varied 
constitution, or size and design of the casting. 

It is well understood that the composition of 
an alloy should be suitable to the class of cast- 
ing, but control of composition for the majority 
of castings will not eliminate, substantially, the 
vagaries of contraction with its incidence of dis- 
tortion and stress. The design, size and mass of 
castings must command consideration. 

Little attention has been paid by investigators 
to the effect of volume changes on castings of 
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has been given very careful consideration, and 
whilst realising that some of the ordinary work 
of the Committee may have to be suspended for 
the war period, it is recognised that the war 
conditions have brought their problems to the 
industry, in the solving of which the members 
of the Committee are particularly fitted to assist. 
As far as possible their experience and know- 
ledge will be placed at the disposal of the indus- 
try, and of the various official bodies who are 
working in conjunction with it. The Com- 
mittee will keep its organisation intact, but it 
will hold its meetings less frequently than before 
the war. Its present work will be completed as 
far as possible, and put into a condition where 
it can be resumed when circumstances are more 
favourable. The Committee will offer its ser- 
vices in an advisory capacity to various official 
bodiss. 
J. W. Garpom, Convener. 


a commercial character. Consideration has 
been given to cast iron as an alloy. One has 
to turn back to the experiments of Prof. T. 
Turner, carried out in 1906, and even earlier 
investigators such as Mallet and Keep, for any 
definite findings on contraction. All such ex- 
periments, however, were carried out on test- 
bars of simple form. 

Because a large casting offers a wider and 
bigger field for observing movements during 
cooling than small castings, or test-bars, the 
author’s attention has been directed to following 
the movements of large castings during cooling. 


Volume Changes 

Arrests in the rate of contraction, or an 
expansion at critical temperatures, are quite 
pronounced in the general run of cast irons. 
Such volume changes would appear to be largely 
due to the liberal amount of carbon present in 
cast iron, and its condition. The precipitation 
of primary graphite on _ solidification, and 
secondary graphite at lower critical tempera- 
tures, will account for expansions. 

According to Prof. Turner, phosphorus - is 
responsible for an expansion, if present in 
appreciable quantities. Generally, it has been 
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Fic. 1—METHOD USED FOR ASCERTAINING 
VOLUME CHANGES. 


considered that there are two distinct arrests 
in low-phosphorus irons, and, in alloys with 
appreciable phosphorus content, three arrests. 

The final amount of contraction will be influ- 
enced by the ratio of free carbon to combined 
carbon in the completely cooled casting, but the 
data presented in this Paper will indicate that 
final contraction and the absence or presence 
of stresses in many classes of castings are also 
due to the conflicting expansion and contraction 
influences operating together in the same cast- 
ing. In lengthy castings, mould and core 
resistance will tend to reduce contraction and 
create stressed material. 


Test Procedure 
A method devised by the author for ascer- 
taining the behaviour of large castings during 
cooling, from the point of solidification to 


atmospheric temperature, is illustrated in Fig. |. 
The movement of the casting is followed by 
frequent measurements between fixed points out- 
side the mould and rods held by the metal of 
the casting. Whenever practicable, temperature 
readings are associated with the volume changes, 

The example chosen to describe the pro- 
cedure is that of a lathe bed. A _ cross 
sectional elevation, K, and two end portions of 
the longitudinal elevation, M, are outlined in 
Fig. 1. 

The test procedure is as follows: During the 
ramming of the moulds, heavy weights, F, 
Fig. 1, are located soundly below the floor 
level, outside the ends of the ‘pattern, at a suit- 
able distance (in this example 3 ft.). Wrought- 
iron tubes, C, 2 ft. 8 in. in length, are also 
positioned and rammed around with the rest 
of the mould. The tubes are placed with ends 
within 1 in. of the vertical faces of the casting, 
and the opposite ends about 4 in. away from 
the machined vertical face of the weights, F. 
Four tubes are located at each end of the 
mould, two opposite the heavy slideways and 
two 2 in. from the top face of the mould. Each 
tube is fixed opposite the vertical walls of the 
casting. There are, thus, eight tubes. 

Following the withdrawal of the pattern 
and the finishing operations, the moulds are 
broken through to the tubes and }-in. wrought- 
iron rods, A, are pushed forward to within 
about 3 in. of the face of the heavy weights, 
F, at each end of the mould. About | in. 
of the rod, A, made jagged to hold fast to 
the metal of the casting, penetrates into the 
mould cavity. The opposite ends, which have 
been ground perfectly flat, correspond with 
crossed centre-lines scribed on a polished section 
of the weight opposite (see Fig. 1, F). The 
spaces between the ends of the tubes and the 
mould face are well sealed and secured by ram- 
ming sand around the rods, now leaving, as 
before stated, the ends of the rods protruding 
into the mould cavity, to be gripped by the 
metal of the casting. 

Just before pouring the casting, careful 
measurements are taken, by inside micrometers, 
of the gap between the ends of the rods, and 
the centres marked on the weights. Provision 
is made to begin taking measurements within 
3 minutes after pouring the mould. In the 
case of a large casting, similar to the bedplate 
illustrated in Figs. 6 and 7, repeated measure- 
ments proceed at intervals of 3 minutes for 
about 3 hours, when the measurements are 
slowed down to every 15 minutes for a further 
5 to 6 hours, then every half hour for about 
6 hours, every 3 hours for 24 hours, and check- 
ing is continued four times daily until com 
traction is complete. The total contraction ! 


shown by the final gap distance between the 
faces, P, of the rods, A, and the faces. O, 0 
the weights, F, less the original gap dimension‘ 
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iefore pouring the casting. The sum of the net 
jimension at each end equals contraction. 

The alterations between the points, O, P, in- 
cate, With a closing of the gap, expansion, 
od, with a widening of the gap, contraction. 


§ 
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The minutes’ curve shows an arrest at 10 
minutes when the casting is substantially solid. 
Expansion is indicated for about 65 minutes. 
Zero is reached in 170 minutes. Contraction 
proceeds for a period until 570 minutes is 
















































the The records of the movement of the casting, reached, when a very decided arrest and expan- 
Such Byith associated times, are plotted on graphs. sion is registered which lasts for 330 minutes. 
r, 3, gue early behaviour of the casting is expressed A further arrest follows at 980 minutes, but it 
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CrOSS- Fic. 2.—VoOLUME CHANGES OF THE SOLID BORING BAR SHOWN IN FIG. 3. 
ons of 
ied iN Jin minutes and the complete movements in is of short duration and lasts about 25 minutes. 
hours. From this point the curve indicates only small 
ng the § A line, zero, on the graphs identifies the con- fluctuations and a steady rate of contraction. 
ts, F, Idition of the molten metal in the mould. The The curve in hours shows the complete be- 
floor fpenetration of the curves below the zero line haviour. 
a suit- findicates expansion beyond the size of the Finally, on cooling to room temperature, the 
ought- mould. Above the zero line the curves regis- total contraction is found to be only 91 per 
e also Bter contraction and any further volume change, cent. of standard allowance at 5,116 thousandths 
e Test fsuch as expansion or arrests. Note is taken against 5,625 thousandths. The casting had 
n ends fof the expansion of the test rods due to absorp- taken up 96 per cent. of its contraction in 10 
— tion of heat from the casting. The —o days. 
rom fiture variations of the rods are checked at in- . ‘ 7 . 
nts, F. tervals. Later, the same class and length of 22-in. dia., 47-ft. long Cored Boring Bar 
of the fod is heated to a similar temperature as A second test, applied to a cored boring bar, 
s and fobtained during the cooling of the casting. The 22 in. dia. and 47 ft. in length, and weighing 
Each length of the rod, cold, as against the rod heated 19 tons, confirmed the tests applied to the 18-in. 
of the fio the particular temperature required, gives solid bar. Fig. 4 shows the design and dimen- 
the amount of extension of the rod, which must S!ons of the bar, and the cooling behaviour of 
vatterM | he cancelled from the early movements of the the casting by the curves plotted on the graph. 
Is are fasting as recorded. A further adjustment is The casting is shown in Fig. 5. , ae 
ought- Ineeded in castings which are cambered. On the | The casting was made and poured in a simi- 
within } iota) contractisn, an allowance is made for the lar manner as practised for the solid bar, but 
eights, § difference in length that a curved line will give with the added complication of a series of 
1 iM. I when straightened out. kidney-shaped cores, which were almost com- 
ast to pletely surrounded by metal. — : _— 
to the ; sound and satisfactory casting resulted from 
1 have — pe A eal _ the technique employed. The composition of 
with F : J the metal is set out in Fig. 4. 
section 18-in. dia., 45-ft. long Solid Boring Bar The minutes’ curve indicates an anaes ont 
The : ; expansion at 10 minutes when solidification o 
nd the Rg Aagys -_ os oy Md ra gro! ae the metal is well advanced. Expansion con- 
y Ta Jing’ 15 tons 15 cwts., is illustrated by the cool- tinues for about 60 minutes. Zero is reached 
ng, 25 Ting curves in the graph, Fig. 2. The casting is in 130 minutes. A short arrest is disclosed at 
ruding shown in Fig. 3 F 5 285 minutes. After further contraction, a most 
oy the | The casting, on account of its great length, Marked arrest and expansion is registered in 
is poured in a horizontal position. A descrip- 449 minutes. This volume change lasts for 320 
careful Ttion of the moulding technique would be too minutes, until 750 minutes is reached. A further 
neters, t lengthy io include in this Paper. Briefly, the 
s, and — was metal-faced and of special construc- 
vision | tion, which produced an excellent quality cast- 
within } ing. The composition of the metal is shown 
In the } in Fig. >, 
edplate | A record of the movements of the casting was 
asure- | obtained in a similar manner as by the general 
: method of obtaining volume changes described 
‘s arf | ¢arlier in these notes. Two readings were 
further f obtained from two rods located one on each 
0% ‘nd of the mould; the sum of the movements 
check: f was plotted in the graph, Fig. 2. All allow- 
vege 4 ances have been made in the curves for the ex- 
-_ be pansion of the test rods due to rise in tempera- 
en tf ture. This adjustment also applies to the curves 
O, © i of the 22-in. cored bar, a description of which 
-nsions Hi folloy 


the first example. 
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small arrest can be noted at 850 minutes. From 
this point the rate of contraction is very uni- 
form. The hours’ curve shows the comple- 
tion of the cooling process of the casting. After 
cooling down to atmospheric temperature, the 
total contraction of the casting was 5,400 
thousandths against 5,875 thousandths for the 
standard allowance. Contraction equalled 91.9 
per cent. of standard allowance. The casting 


had taken up 94 per cent. of its contraction in 
10 days. 


Test on Long Bed Castings 


Figs. 6 and 7 illustrate the cooling behaviour 
of a 41 ft. 6 in. long bed casting for a roll- 
grinding machine. The design and dimensions 
of the bed are outlined by the inset in Fig. 7. 
A cross-sectional elevation of the bed, across 
the points, AA, of the portion of the longitu- 
dinal elevation, L, is shown at E. 

The casting is poured in the reverse position 
to that which is shown in the sketches, Fig. 7, 
with the slideways on the bottom face of the 
mould. The cooling behaviour is followed 
and checked, as previously described. In this 
case, however, four curves were formed. All 
allowances have been made in the curves for 
the expansion of the rods due to heating, and 
also for the curvature of the casting conse- 
quent upon the camber necessary to produce a 
straight casting. Camber is required down- 
wards (in the centre as poured) and sideways 
(in the centre) in the direction indicated by the 
arrow, K, in Fig. 7. 

The early volume changes of the casting are 
expressed in minutes in the graph, Fig. 6, and 
the complete movements, in hours, are shown in 
Fig. 7. The letters A,B,C and D identify, in 
the graphs, Figs. 6 and 7, the curves taken of 
the cooling casting, on the lines indicated by 
A, B,C and D in the sketch E, Fig. 7. The line 
of contraction, A, carries the heaviest mass of 
the casting—the vee slideway. The line, B, 
holds the flat slideway, being the second heaviest 
line of contraction. The line, C, influenced 
by the extra metal at H, thereby takes the third 
position in order of mass influence, and D the 
lightest and most quickly cooled and contract- 
ing line. 

Referring to the minutes’ curve in Fig. 6, 
the following movements are indicated : — 

Curve D.—At 7 minutes an arrest and ex- 
pansion of 25 thousandths occurs and lasts for 
28 minutes. At 68 minutes a second arrest is 
shown covering a period of about 30 minutes. 
A third and fourth slight arrest may be de- 
tected at 140 and 220 minutes respectively. The 
curve then indicates a steady contraction with 
only small fluctuations. 

Curve B.—At 9 minutes an arrest and ex- 
pansion of 46 thousandths is noted, lasting for 
about 30 minutes. At 130 minutes, a second 
arrest, for 65 minutes, occurs. At 207 minutes 
a third arrest appears lasting for about 30 
minutes. The remainder of the curve records 
only small fluctuatiuns. 

Curve C.—At 8 minutes the record shows an 
arrest and expansion of 55 thousandths, lasting 
for about 25 minutes. At 180 minutes, a small 
arrest occurs for 15 minutes. At 240 minutes 





Fic. 3.—SoLip BoRING BAR WEIGHING 15} TONS. 
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a third small arrest can be identified. The curve 
following is steady until final cooling. 

Curve A.—At 10 minutes an arrest and ex- 
pansion of 75 thousandths is shown over a 
period of 40 minutes. A second arrest is in- 
dicated at 150 minutes, lasting for 20 minutes. 
At 195 minutes a third, sharp arrest is recorded, 
lasting for 15 minutes. A fourth arrest occurs 
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ing) and then later falls behind to take its place 
in order of mass cooling. This may be due 
to the early effect of the denseners, on the B 
slideway, and the acceleration of the cooling 
rate immediately after solidification of the 
metal. The C (top side), however, is influenced 
by a heavy facing, carrying nearly as much 
metal as B (bottom) which is also densened. 
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Fic. 4.—VOLUME CHANGES OF THE 


at 265 minutes, which covers a period of 65 
minutes. A fifth slight arrest is indicated at 395 
minutes. After 430 minutes the curve shows a 
steady contraction rate. 

The standard contraction allowance for a 
41 ft. 6 in. casting is 5,188 thousandths. The 
actual final contraction of the bed is as fol- 
lows: —A, 4,978 thousandths, which is 96.0 per 
cent. of the standard allowance; B, 4,904 
thousandths, which is 94.6 per cent. of the stan- 
dard allowance; C, 4,251 thousandths, which 
is 82.0 per cent. of the standard allowance; D, 
4,182 thousandths, which is 81.0 per cent. of 
the standard allowance; average contraction, 
87.4 per cent. of the standard allowance. Be- 
tween the lowest contraction of D and the 
highest contraction of A there is a difference of 
796 thousandths. A,C side has contracted an 
average of 72 thousandths more than B, D side. 
A (bottom heavy vee slideways) has contracted 
74 thousandths more than B (bottom flat slide- 
way). A, bottom, has contracted 727 thou- 
sandths more than C, top. B, bottom, has con- 
tracted 722 thousandths more than D, top. The 
average contraction of A, B (bottom face) over 
C,D (top face) is 725 thousandths. 


Camber Allowances 


These varied contractions, recorded on the 
four extremes of the castings, confirm the cam- 
ber allowances needed to counteract distortion 
due to the differing heat gradients and the hin- 
derance, by design, to free contraction. The 
camber allowance, downwards, was 2} in., 
which must be associated with the excess con- 
traction of 725 thousandths of A,B (bottom 
face) over C,D (top face). The cam- 
ber requirements on the A,C (heavy) side was 
{ in. This allowance must be associated with 
an excess contraction of 72 thousandths of the 
A,C side over the contraction of the opposite 
side, B, D. 

Without the heavy facing, S, on the A,C 
side, it is necessary to allow approximately } in. 
more camber on the A (heavy vee slideway) 
line than on the B (flat slideway) line. The in- 
fluence of the heavy side facing, S, was to re- 
duce slightly the downward camber, but to 
create, along with the heavy vee bottom slide- 
way, a side distortion if not counteracted by 
camber allowance. 

It will be noted, on close examination of the 
cooling curves, that B (bottom flat slideway) 
contracted slightly ahead of C (top with side fac- 


CorED BORING BAR SHOWN IN Fic. 5. 


Since the side facing is subjected to a sharper 
cooling, by virtue of its outward position in 
the mould, cooling and contraction are, subse- 
quently, more rapid than B, which is located 
in the bottom of the mould. Again, much 
of the heat absorbed by the denseners is retained 
by the densener to slow up the rate of cooling 
at a later period. 

Adverting to the arrests in the cooling curves, 
it is possible that the influences, when cooling 
has reached a stage when a considerable differ- 
ence in contraction stress is upon the casting, 
cause a late arrest which is not actually due to 
an expansion, but may be attributed to distortion 
of the casting. 


Test Castings 


Fig. 8 illustrates, by sketches, the design of a 
test casting 10 ft. by 2 ft. by 7 in. and, graphic- 
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The volume changes were checked or three 
contraction lines, indicated by the lett rs x 
The behaviour of the two outside longi dina 
bars was so similar that it became unne. essa 
to draw a curve for each bar. They were 
therefore, merged and are plotted toge? ier ip 
the curve C, in the graph, Fig. 8. The curve 
traced for the movement of the centre bar jg 
identified by the letter B. 

The curve C shows that an arrest occ irs af 
4 minutes with an expansion of 28 thous: :dths 
A second mild arrest and slowing up >f the 
rate of contraction occurs at 20 minutes. With 
B curve an arrest is recorded at 5 minute 
with a 32 thousandths expansion. A third 
arrest and slowing up of contraction o¢ 
curs at 28 minutes. A_ steady contrac 
tion follows. The heavy centre, B, passes and 
exceeds the contraction of the outer lighter bars 
C, at 375 minutes. 























Fic. 6.—COooLiNG BEHAVIOUR OF A 41-FT. 6-IN, 
ROLL-GRINDING MACHINE BED. 





The final contraction of the casting came ou 
at 1,246 thousandths for the heavy centre bar 
B, being only 4 thousandths below standar 
allowance, and 1,164 thousandths for the oute 
lighter bars, C, which represents only 92.5 pe 
cent. of standard allowance. The casting 
bent (down in the centre as poured) by ¢ in. 
along the line B, and *% in. on the lines C 
The casting was also fractured at six poin 
indicated by F, in Fig. 8. 

The usual allowances were made in the fin 
figures for the expansion of the rods due t 
heat and the curvature of the distorted casting, 

A further test was taken, but with the middle 
bar, B, split by a core, as described at S, Fig. 8. 
The behaviour during cooling is interesting. 





Fic. 5.—Corep BorING BAR WEIGHING 19 TONS. 


ally, the cooling curve and final contraction of 
the casting. The sketches show that the casting 
consists of a series of bars of varying sections 
making one unit. The outside longitudinal bars 
carry a 4-in. flange, 1 in. thick, forming, with 
a vertical 4-in. bar, a tee section. The inner 
bar is heavier, having a 5-in. by 2-in. flange 
mounted above a j-in. vertical bar, again form- 
ing a tee section. The cross bars are plain 
bars of 4-in. section. 

The test is arranged to create an exaggeration 
of the cooling conditions present in certain 
types of castings, particularly of bed designs. 
The composition of the metal poured into the 
casting was such as to yield a grain structure 
as might obtain in a much larger casting, 
with a lower silicon content. The analysis is 
set out in Fig. 8. 


The lines, C, contracted 1,252 thousandths 
(close to standard allowance), against 1,164 
thousandths for the same dimension of bar in 
the first test casting. This means that the bars 
in the first casting contracted 88 thousandths less 
than the bars in the second casting. 

The two middle bar sections, B, together con- 
tracted 1,238 thousandths, which is 12 thov- 
sandths less than standard. The gap, S, sever- 
ing the bar in the centre had, after cooling, 
widened by 187 thousandths. 

The distortion in the second test, with the 
heavy centre bar split into two sections, was 
less pronounced than in the first test, where the 
casting is not split across the centre bar. The 
lines C and B cambered % in. Furthermore, 
no fractures appeared at the points F. 

(Continued on page 438.) 
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Design of Test-Pieces for Carbon Steel Castings 


By C. H. KAIN and E. W. DOWSON 


The design of test-pieces which are truly repre- 
sentative of the metal employed in the manufac- 
ture of carbon steel castings has not received 
the attention merited by its importance to the 
steel castings industry. For many years a block 
or coupon of the rectangular tongued type from 
which two test-pieces could be cut in a plane 
parallel to the axis was generally employed. 
This design is open to the serious technical 
objections involved in a square section prone 
to the formation of cleavage planes from the 
corners at 45 deg. to the faces. In spite of 
this objection, this method usually produced 
two test-pieces of reasonably uniform properties. 

When however the tongue of the block was 
extended to provide a third bar (either as a 
spare or for a third test), it was found that the 
three bars did not possess uniform properties. 
In previous Papers,'** it has been shown that 
the bottom bar had the best properties, the bar 
immediately under the head the next best, whilst 
the centre bar was slightly inferior. These 
results are independent of the position of the 
gate, similar results being obtained whether the 
gate is in the base or the head. This is illus- 
trated in Table I taken from the Papers referred 
to. 

An explanation was offered that the bottom 
bar consisted entirely of primary crystals, whilst 
the two above it had centres of secondary crys- 
stals, the formation of which in the narrow 
space between the primary crystals prevented 
the effective gravitational feeding of the middle 
bar. This is shown diagrammatically in Fig. 1. 


TasLE I.—Tensile Properties of Continuous Test-bars. 























YP. | MA E. 
Position. Tons per Tons per 
sq. in. sq. in. Per cent. 
A 20.48 | 31.80 34.0 
B 21.06 31.48 24.0 
C 20.28 31.18 28.0 
A 20.28 33.64 31.0 
B 19.72 33.52 22.0 
_- Cc 19.40 33 .04 26.0 





The growing tendency of inspecting authori- 
ties to demand three tests (usually tensile, bend 
and impact) has made imperative the use of a 
block which will yield three test-pieces of ex- 
actly uniform properties. .The present Paper 
describes the steps taken in the foundry with 
which the authors are connected to evolve such 
a test-block. 

A block was designed to employ the principle 
of directional solidification by making the cast- 
ing taper from the base to the feed head. This 
is illustrated in Fig. 2. 

Table II shows the results obtained on three 
bars cut from this type of block (in the nor- 
malised condition). 

















Tanie Il.—Results obtained from Re-designed Form of 
Test-block. 
| YP. | MS. E. R.A. 
Heat | Posi- | 

\ tion. |Tons per|/Tons per} Per Per 
| sq. in. | sq.in. | cent. cent. 
A122] A | 20.84 | 33.68 | 26 30.4 
- B 20.20 | 33.16 22 23.2 
: ©’ | 20.00 | 31.52 | 12 16.0 











\s before, the bottom bar 
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A gives the best 
ts, but the properties of bars B and C are 
sed. The elongation and reduction of area 
considerably affected, whilst the maximum 








stress shows an appreciable drop from B to C. 
It seems clear that directional solidification 
and adequate feeding alone will not produce 
three test-pieces having identical properties, 
since in these tests all three bars were cut from 
solid metal below the feed head and pipe. 


1——EFFECT OF 
PRIMARY CRYSTAL- 
LISATION IN USUAL 
FoRM OF _ TEST- 
BLOCK. 


Fic. 


A further test was made on a block sliced 
horizontally as shown in Fig. 3, two bars being 
taken from the two upper portions, as far as 
possible from the centre line. The results are 
shown in Table III. 

In all cases the yield point and maximum 
stress are fairly uniform, but the elongation and 
reduction of area are again affected by the posi- 
tion of the bar in the block, although the effect 
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Fic. 2.—BLock DESIGNED TO INCORPORATE 
DIRECTIONAL SOLIDIFICATION. 


is not so pronounced as when the tests are 
taken from the centre of the block. 

Bars B and Bi and C and Cl give identical 
results, showing that, providing the bars are 
cast in such a position as to allow identical 
freezing and feeding conditions, they will give 
uniform results with one another. 

In all these experiments the bottom bar A 
has yielded the best results. As previously 
suggested, this bar freezes from three sides and 
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Fic. 3.—SHOWING REVISED METHOD OF 
SECTIONING TEST-BLOCK. 


consists entirely of primary crystals, the greatest 
possible surface being available to produce this 
condition. 
are considered as each having four sides, it is 
seen that B and Bl have one side from which 
primary freezing takes place, one side in con- 


tact with the early freezing bar A, whilst one 
side is in contact with the delayed freezing bars 


If the bars cut as shown in Fig. 3 


C and Cl. Again, bars C and Cl have one 
side from which primary freezing takes place, 
*one side in contact with the comparatively slow 
freezing bars B and BI, and one in contact with 
the large body of molten metal in the head. 
Thus, it appears that bar A owes its superiority 
to its position for primary freezing conditions, 
and since the order of freezing, A, B and C, is 
also the order of superiority of mechanical pro- 
perties, it seems definite that delayed freezing, 
even when subject to direct feeding conditions, 
is not conducive to the best mechanical proper- 
ties. 


Fic. 4.—Test-BLock 
Usep FOR’ HiIGH- 
SHRINKAGE ALLOYS. 


From the above considerations it appears 
possible to formulate rules to be observed in 
the design of a test block to yield three test- 
bars having identical properties :— 

(1) The bars must solidify under the same 
freezing and feeding conditions. 
(2) As large an area as possible must be 


TaBLE III.—Results obtained from Revised Sectioning o 























Test-block. 
yp. | MS. | EB | RAL 

Heat | Posi- —|— -— 
No. tion. |Tonsper|Tonsper| Per Per 
sq. in. | sq. in. cent. cent. 
A.1248 A 20.20 | 33.32 28 37.7 
” B 20.44 | 33.64 26 35.2 
” Bl 20.68 | 33.64 24 30.4 
9» Cc 21.12 33.04 20 26.4 
99 Cl 20.52 33.44 20 24.8 





provided from which primary solidification 

can proceed. 

(3) The test-pieces must be isolated from 
large bodies of metal which cause delayed 
freezing, even though these provide direct 
feeding influences. 

At first sight it would appear that a test 
coupon with an elongated tongue from which 
bars could be cut vertically would fulfil these 
conditions. The results given in two of the 
previous publications,** however, demonstrate 
that such a method is not satisfactory. 

Non-ferrous and certain Continental steel 
foundrymen seem to have given more attention 
to the production of satisfactory test-blocks than 
steel-foundry investigators in this country. 
Fig. 4 is an illustration of a test-block which 
is sometimes used in this country for high- 
shrinkage alloys, such as manganese bronze, and 
is used in Continental foundries even for metals 
like stainless steels. It is claimed‘ that this 
block gives very good results. 

After consideration, certain modifications 
were made to this design, although the basic 
principle was retained. It was decided to use 
three bars or tongues instead of four and to 
employ a circular head with the diameter of 
the inscribing circle. In order to avoid the 
danger of cleavage planes, it was decided to 


E 
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TaBLE IV.—Results given by Test-pieces Machined from 
Block shown in Fig. 5. 


E. | R.A. 




















Y.P. M.S. | 

Heat | Posi- 
No. tion. | Tons per| Tons per| Per Per 
sq. in, 8q. In. cent. cent. 
A.1272 |1Square| 20.64 | 33.32 | 25 | 33.5 
” 2 20.48 33.52 31 44.9 
oe 20.36 | 33.40 | 30. | 43.3 
- 4Centre| 20.84 | 28.40 10 12.0 





investigate the possibility of a rounded section 
and a block was evolved as shown in Fig. 5. 
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uniformity obtained. The properties of a bar 
cut from the centre are shown as an item of 
interest. Table VI shows comparative results 
obtained on the “clover-leaf” type of block 
and the tongued type. 

These results are typical of many dozens ob- 
tained in daily practice, further examples being 
shown in Table VII. 











fe" 























Fic. 5.—First Type OF VERTKALLY DisposED TEST-BLOCK. 


In addition to the avoidance of cleavage 
planes, the rounded section has the advantage 
of requiring slightly less metal and being some- 
what easier to machine. The first results are 
shown in Table IV. 

The inferiority of the bar cut from the centre 
demonstrates clearly the advisability of adher- 
ing to the first two rules enunciated. Also, the 
slight superiority of the rounded bars over the 
square section justifies the adoption of this 
section. 


TABLE V.—Results obtained from the Design of Test-block 
shown in Fig. 6. 


MS. | E. 

















2 a ae R.A. 
Heat Posi- |-————|—— —|—___— 
No. tion. |Tonsper|Tonsper| Per Per 
sq. in. sq. in. | cent. cent. 
A.1285 1 19.32 | 31.04 33 46.0 
” 2 19.32 | 31.08 | 34 42.0 
3 19.08 | 30.92 | 34 47.2 
- 4 centre} 18.68 | 29.24 15 16.8 
“ 
/ 


FiG. 6.—FINAL DESIGN OF 
BLock EVOLVED. 


TEST- 


A final design was then adopted as shown 
in Fig. 6, to conform with all three rules. The 
bars freeze under identical conditions; they have 
a uniformly large surface for primary freezing 
and as the feed metal is introduced from the 
side, the section of the bar subject to stress 
during testing is remote from any large body 
of feed metal to cause delayed internal freezing. 

The results from this type of bar are given 
in Table V, which shows clearly the degree of 


All the results given are from carbon steels 
in the normalised condition and from blocks 
designed for a 0.564-in. dia. bar. 


TABLE VI.—Comparison of Results obtained from the 
Tongued and Clover-leaf Types of Blocks. 


| R.A. 

















YP. | MS. | E. 

Heat Posi- |—— -|— oe Se 
No. tion. |Tonsper| Tons per} Per Per 

sq. in. | sq.in. | cent. | cent. 

Tongued. 

B.2372 A 18.08 | 29.46 | 35 47.2 
» | B_ | 18.20 | 29.24 | 27 | 35.2 
a Cc 17.84 28.96 27 35.2 
Clover 
leaf. 

B,.2372 ] 18.44 29.56 32 44.9 
i 2 19.04 29.48 32 44.9 

3 { 18.52 29.56 32 43.3 
4 centre} 18.40 27.60 18 23.2 





Fic. TYPE TEST-BLOCK 


CLOVER-LEAF 
FINALLY EVOLVED. 


OF 
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TaBLe VII.—Further Examples of Results obtai. 1 from 
New Type of Test-block. 

yp. | MS. [ FE | Ra 
Heat | Posi- ieeaey 
No. tion. |Tonsper|Tonsper| Per Per 

| | sq. in. | sq. in. cent. ent, 
B.2870 | 1 23.75 | 41.85 | 27 3.5) 
es | 2 23.15 41.30 | 27 5.6 
* 3 23.60 41.40 | 26 3.5 

| 

C.9910 | 1 | 21.10 | 35.10 | 30 ).5 
* 2 |} 21.50 35.75 | 31 1.0 
» | 4 | 21.70 | 35.65 | 29 "8.0 
A.1301| 1 | 19.64 | 29.84 | 34 | 0.0, 
» | 2 | 18.84 | 29.64 | 35 511 
% | 3 | 18.96 | 29.68 35 0 
It was thought that equally good results 


might not be obtained from a block designed 
to yield the 2-in. square test-piece someiimes 
specified. It was, however, found that the 
same uniformity persists when a_ clover-leaf 
block of three tongues, capable of machining 
to 2 in. square and tested at 0.798 in. dia., was 
used. Table VIII shows one such result but 


TABLE VIII.—Results from 2-in. sq. Test-pieces from 
Clover-leaf Type of Test-block. 









































| vp. [| Ms | BE | RA 
Heat | Posi- — 
No. tion. |Tons per Tons per] Per Per 
sq. in. | sq.in. | cent. cent. 
| = 
B.2562 1 23.9 35.5 30 47.0 
» | & eet mae 31 46.46 
99 3 23.5 34.9 31 47.95 
TABLE IX.—Impact Tests. 

Heat | Posi Energy required to fracture 
No. | tion. notched bar. Ft.-Ibs. 
A.1310 | 1 55.0 | 58.0 55.5 
9» | 2 52.0 | 55.5 57.0 
a | 3 | 51.0 | 55.0 53.0 

| | ———. 
A.1310 A | 49.0 47.0 54.0 
0 | B | 47.0 | 48.5 40.0 
»” | C |} 31.0 | 40.0 


55.0 








no comparison with a three-bar tongued block 
of similar dimensions is available. 

Although the impact test is not as yet fully 
understood and has not been accepted by steel 
founders for general use, comparative tests were 
made as shown in Table IX. 

In every cast examined, the clover-leaf type 
of bar yielded slightly higher and very much 
more uniform results. 


Summary 


(1) The freezing phenomena of test-blocks 
designed for the provision of test-pieces for 
steel castings have been considered. 

(2) Rules governing the design of an ideal 
test-block are suggested and a section resembling 
a clover-leaf recommended. 


(3) Data are given in support of this recom- 

mendation. 
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Silver in Stainless Steel 


Research carried out at the Massachusetts Insti 
tute of Technology on pitting in 18/8 stainless 
indicated that the problem could be overcome by 
the addition of small quantities (0.1 to 0.3 per cent.) 
of silver. The efficiency of the silver addition 
depends upon the fact that silver forms ins rluble 
chlorides and confers resistance to the attack of 
chlorine. 
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The Extended Uses of Cast Iron, with Special 
Reference to War Conditions 


By J. G. PEARCE, M.Sc., F.Inst.P., M.I.E.E., M.I.Mech.E. 


Introduction 


Too often and for too long has the history 
of cast iron been one of replacement by other 
materials more aggressively investigated, de- 
veloped, manufactured and marketed, and too 
often have other industries profited at the 
expense of an unorganised foundry industry. In 
recent years, however, a new spirit of cohesion 
has been evident in the industry, showing itself 
in part through the steady growth of institutions, 
each of which has a special function to perform 
and which are becoming increasingly representa- 
tive: trade associations, the Research Associa- 
tion, the Institute, and the technical Press. 

One of the results of this new spirit is the 
gradual extension of the uses of cast iron, a 
process which is accelerated, but not created, by 
war conditions, and rendered possible largely on 
account of intensive research and development 
during the past twenty years. Those who 
assume hopefully that, because cast iron was 
used to some extent for munitions during the 
last war, it will be used again in this, com- 
pletely overlook the higher standards called for 
to-day. 

Evidence of the new spirit is the growing 
recognition that those who supply a bad or un- 
satisfactory material injure the whole industry, 
for to a dissatisfied user, cast iron is cast iron 
from whatever branch of the industry it comes. 
Such material, unfortunately not superficially 
distinguishable from good, is bad only because 
it is unsuitable for the purpose for which it is 
used. A low-cost material, cheaply made, is not 
necessarily bad; indeed, the industry still offers 
many opportunities for economy in design and 
production costs: 


Reversion and Replacement 

The ironfounding industry is concerned as a 
whole with the wider uses of cast iron. New 
work resulting from fresh applications directly 
benefits the foundries undertaking it, together, of 
course, with the equipment and supply houses, 
themselves users of iron castings, while, since 
the total load on the industry increases, other 
foundries benefit indirectly. 

The object of this Paper is not so much to 
give a list of replacements as to provide those 
in the industry with an opportunity to describe 
new uses of cast iron since war broke out and 
the degree of success or otherwise which has 
attended them, and to invite suggestions for 


lurther extended uses. 
History Repeating Itself 

As the earliest metallic material to be widely 
used industrially, few uses for cast iron can be 
regarded as novel, for most products have been 
ried in it at one time or another. For example, 
afew years ago an American journal published 
an article on the wider uses of cast iron, advo- 
cating as its main suggestion the use of cast- 
Iron tombstones. Yet the oldest casting extant 
in this country is frequently said to be a grave- 
stone Burwash Church, although there seems 
little doubt that cast-iron guns, replacing the 
more e\pensive bronze, were made at an earlier 
date, 1543, and firebacks before that. Para- 
doxica!ly, the new uses for cast iron are in the 
main products which themselves are new 
compi:ed with cast iron itself. Thus, while the 
sé Of cast-iron crankshafts strikes many engin- 
cers i revolutionary step, it was at one time 
horma! procedure. 

The term “ substitution” has been used to 





imply the replacement of other materials by 
cast iron, but, partly because the process is fre- 
quently one of reversion rather than of sub- 
stitution, and partly perhaps because the word 
“substitute” now so frequently implies an 
inferior article, the phrase “extended uses” or 
the word “replacement” is to be preferred, 
either term covering both new uses and rever- 
sions to prior’ practice, and both having a 
significance beyond that of increased output of 
an article already made in cast iron. 

The wider use of cast iron not only enables 
the industry to make its contribution to the 
national need, but it assists in securing supplies 
of material and equipment and in the mainten- 
ance of essential labour, staff and plant as far 
as possible intact for post-war development. 
The relief offered thereby to other productive 
resources enables a more balanced national 
economy to be obtained. That the industry is 
justified in anticipating such extended uses arises 
from its remarkable development since the close 
of the last war, especially in continuous and 
mass production, with respect to plant and equip- 
ment, technical control, labour skill and 
management. The industry can also offer 
greater precision of form in dimensions and 
design of castings, as well as much better quality 
and strength and greater uniformity. To suit 
requirements a wide variety of structures, special 
processes of manufacture and finishes are now 
available. Even under the difficulties which 
might arise in a prolonged war, due to de- 
terioration of raw materials, etc., the scientific 
knowledge available will enable high standards 
to be maintained, and the resources of the 
industry are very largely derived from _ the 
United Kingdom itself. 

If little is said regarding malleable castings, 
it is because the pressure on malleable foundries 
renders unnecessary any attempt to find fresh 
markets by replacement. Indeed, the possi- 
bility of replacing, as a war emergency measure, 
both steel and malleable grey iron castings by 
high-duty cast irons, is one which should be 
carefully studied. 


Suggestions for Replacement 

The preparation of suggestions for the wider 
uses of cast iron may be dealt with in several 
ways. The most wearisome and difficult would 
be to build up a catalogue of parts which have 
been or which could be produced in this 
material. Such a list of replacements since war 
broke out would assume formidable dimensions, 
and could only be fully appreciated from draw- 
ings of the parts in question. At the other 
extreme, a few broad principles might be laid 
down, based on the extraordinary demand at the 
present time for steel and non-ferrous metals, 
especially aluminium and brass. Thus, the re- 
placement by cast iron of all-welded structures 
which formerly were made in cast iron or which 
were initially designed as weldings could be con- 
sidered, and also the replacement of castings in 
aluminium alloys, magnesium alloys, bronze, 
gunmetal, and other non-ferrous metals, where 
they can be dispensed with, and which have to 
be conserved for purposes for which they are 
indispensable. The wider use of austenitic irons 
and martensitic irons in place of certain ferrous 
and non-ferrous alloys might also be mentioned. 
It is assumed that under present. conditions the 
steel and non-ferrous industries will appreciate 
the assistance cast iron can give in relieving 
pressure on production. 


The author has chosen an intermediate plan 
and has classified the field of replacement avail- 
able into four sections, as follows : — 

Section 1.—War and defence purposes. 

Section 2.—The building industry and 
domestic castings, i.e., castings used on, in 
and about buildings of all descriptions, in- 
cluding civil engineering and public works 
generally. 

Section 3.—The engineering industry. 

Section 4.—Other industries for which lists 
such as that given in Section 3 might be 
prepared. 

For obvious reasons it is not proposed to give 
any details in Section 1, but it can be said that 
the war and defence demand affects both sides 
of the industry, that is, the light or builders’ 
castings side and the heavy or engineering cast- 
ings side. In some cases cast iron is being used 
because it is the most suitable material for the 
purpose, while in others it is used in part be- 
cause of the strain on the productive resources 
of other materials. It is in this field that 
foundries normally catering for the building and 
domestic trade can make good deficiencies due 
to the decrease in normal demand. In addition, 
there is a considerable amount of replacement 
to be done in the building industry itself, as is 
shown in Section 2. 

The building industry is separately sectioned, 
partly because of its importance as a consumer 
of foundry products, and partly because it is 
catered for by a large and highly organised sec- 
tion of the industry, normally producing about 
one-fifth or one-sixth of the total output. 

The engineering industry itself naturally forms 
a great field for replacement and very con- 
veniently so, because many works have foundries 
on which they can rely for castings. On the 
whole, however, the other industries mentioned 
in Section 4 do not operate foundries, but have 
to rely on existing sources of supply. 

No attempt is made to list the literature of 
extended uses. Mention has been made of the 
cast crankshaft, not only because it is important 
in itself, but because engineers convinced of the 
practicability of this change are likely to be 
open to further suggestions. The Paper by 
Gough and Pollard (“Properties of Some 

Materials for Cast Crankshafts”), presented to 
the Institution of Automobile Engineers in 1937, 
forms an excellent basis for the study of this 
subject. The work of the automobile industry 
in the wider uses of cast iron is well illustrated 
by the Paper by Toghill and Dowle to the same 
Institution this year. For substitution in engin- 
eering work wide use has been made of the 
First Report of the Research Committee on 
High-Duty Cast Irons, under the Chairmanship 
of Dr. Gough, reported in 1938 by the present 
author, for the Institution of Mechanical 
Engineers. 

The list given in the Appendix is based on 
one originally prepared by the British Cast Iron 
Research Association for the Ironfounders’ 
National Confederation, and elaborated from 
suggestions received by the latter body from 
a number of firms following on the issue of a 
circular to the industry by the Confederation. 
It is impracticable to give the suggestions made 
in detail; naturally many suggestions are made 
more than once, some many times; some sugges- 
tions are very general, others apply to such 
special cases or small outputs that they lack 
general interest. The list has been prepared on 
the basis suggested above, that is, one which is 
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sufficiently detailed to be suggestive to and 
stimulate readers without being unduly extended. 
Contributions are invited in the discussion and 
suggestions relating to war and defence are 
invited, but will not be printed. 

The above assumes, as is often the case, that 
the user applies to the founder for assistance. 
Much useful work for the foundry, however, 
requires to be done among engineers and users 
who are not yet alive to the possibilities of such 
assistance. What is to be done to influence 
buyers before a contract is placed and before 
the maker is faced with the necessity of seeking 
advice on substitution under the most difficult 
conditions, i.e., when the design is already deter- 
mined in some other material? The author 
would be glad to hear suggestions. One obvious 
method is by public advertisement, or adver- 
tisement in the technical Press, or circulation 
of leaflets. Thus one foundry group advertised 
nationally a cast-iron trench lining for A.R.P., 
while another large foundry advertised in a 
national daily cast-iron housing and hutments. 
Another company has done most enterprising 
work in broadcasting the use of cast-iron valves 
in place of non-ferrous metal, but the problem 
is not yet satisfactorily solved of how to reach 
the department engineer, buyer, purchasing 
agent, who does not specifically ask for advice 
on substitution. Yet there are probably dozens 
of components in, for example, the machine- 
tool industry alone, that could advantageously 
be made in cast iron. 

Many small applications can be conveniently 
machined from cast-iron stick or rod, while for 
others centrifugal casting is very suitable. 


A Technical Problem 


The question of providing an article in cast 
iron to replace another material is essentially 
a technical one. It involves design, manufac- 
ture, frequently under controlled conditions, 
testing and results of service life, showing a 
comparison of ratio of cost to life for the two 
materials. While the cheapest and most readily 
available materials for the purpose should be 
used, the copy of a part in common cast iron 
may prejudice the material if trouble ensues, 
and where other conditions prevent any modi- 
fication to design, special cast irons may be 
called for. z 
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For these reasons users of castings requiring 
replacements in cast iron should be invited to 
supply a print of the part to be replaced and 
indicate whether, and to what extent, redesign 
is possible. Hence the most complete co-opera- 
tion should exist between the casting designer, 
founder and metallurgist. The success of re- 
placement largely depends upon this co-opera- 
tion. Many foundries do not possess all the 
elements of this, and some competing products, 
such as plastics and cement, offer the kind of 
information required by would-be users, through 
a central body. The B.C.I.R.A. possesses the 
nucleus of a design section capable of advising 
on this aspect of substitution, and with its expert 
services relating to foundry production, experi- 
mental foundry and laboratories, enabling any 
property of interest to users to be determined, 
is in a position to aid those who are interested 
in extended uses. The existence of national 
specifications for cast iron, 309/1927, 310/1927, 
821/1938, and _ particularly 321/1938 and 
786 / 1938, in the formulation of which the Insti- 
tute played no small part, has been of the very 
greatest assistance in replacement work. 

It is hoped that this brief note, prepared under 
great pressure of other duties, will serve to focus 
the interest of the industry in this matter and 
provoke suggestions and comments. 


APPENDIX 
Extended Uses of Cast Iron 

Section 1. Military, Naval and Defence 
Purposes. 

Section 2. Building Industries. 

(a) Structures. 

Columns, struts, beams, stanchions, girders, 
standards. 


Roof members, bracing bars, etc. 

Staircases, internal and external. 

(b) Fittings (internal to buildings). 

Window frames, roof-lights, sills, door frames, 
ventilators, air bricks, etc. 

Bench and table and shelf supports for all types 
of furniture. 

Gutters, gratings, manhole covers, pipes and all 
rainwater goods. 

Stoves, cookers, ranges, boilers, calorifiers, 
hollow-ware, sinks, baths, bowls, basins, washers, 
wringers, lawn mowers. 

Builders’ ironmongery (keys, locks, fastenings, 
brackets, hooks, etc., some in malleable iron). 

Switch covers and boxes. 











Some Observations on Contraction 
(Continued from page 434.) 
Conclusions 

All of these tests offer substantial support to 
the previous experiments carried out by the 
author and presented to the Institute over a 
number of years. 

The conclusions are that, on the classes of 
iron castings surveyed, thick bars, or sections, 
contract more than thinner bars, or sections, 


ledge—that a thin section of grey iron con- 
tracts more than a thicker section for the same 
analysis, because of the more rapid freezing of 
the lighter section and the effect of this more 
rapid cooling on the grain size and graphite 
formation. 

A probable explanation of the two contrary 
degrees of contraction referred to is that, in the 
case of a one-piece casting, the thin or com- 
paratively light sections are subjected to an ex- 
tensional stress, during freezing and cooling of 
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Fic. 7.—COMPLETED COOLING BEHAVIOUR 


where such varied sectioned members are linked 
together, as a single-piece casting, in a proximity 
to be affected by mutual influences. If, how- 
ever, the same contrasting sections are cast as 
simple uniform and separate items, contraction 
is in line with standard allowance and know- 


OF THE ROLL-GRINDING MACHINE BED. 


the metal, created by the resistance of the 
thicker sections which are not ready to con- 
tract. The frictional resistance of the mould 
and cores, and the expansion of cores on being 
heated up by the molten metal, will also tend 
to subject the cooling metal to extensional 
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Heaters, slow-combustion stoves, radiat.s ang 
their heating pipes. 

Floor plates, chequer plates, roofing plai:s, 

(c) Civil Engineering (external to buildin; :). 

Railings, rail posts, fencing, grills, gratings gates 

Signs. , 

Pipes. 

Tanks. 

Lamp and electric tramcar or trolley sta dards 
traffic posts; islands. ; 

Pit props. 

Linings for A.R.P. trenches. 

Supports for basement shelters, cellars, etc 
plates and screwed unions for same. 

Floor plates, grids, scraper mats, ventilato; grids, 
etc. 

Roads, road curbs. 

Tunnel segments. . 

Section 3. Engineering and Shipbuilding. 

Railway axleboxes and axlebox guides, slcepers, 

Machine-tool bedplates and frames. 

Bearings and bearing housings, for slower «peeds 
and lighter loads. 

Automobile and compression-ignition cngine 
crankshafts, camshafts, brakedrums, flywheels, 
pistons, valves, tappets and guides, engine frames, 
cylinder heads, timing wheels, rear axle castings, 

Gears and bushes, spur rings, pinions, worm and 
bevel wheels. 

Drawing and pressing dies, jigs, bolsters, press 
tables and punches for hot pressing, drop-stamp 
slides and rods. 

Bedplates for fans, pumps, compressors, con- 
veyors, etc., and for prime movers of all kinds. 

Valves and valve fittings. 

Case-hardening boxes, annealing boxes and pans, 
salt baths, pickling tanks. 

Propellers, ship and dock capstans, bollards, 
cleats, fairleads, mooring pipes, winch barrels, etc, 

Electrical starter frames, switch boxes, motor 
starter pillars. 

Conveying machinery, wheels, brackets, rollers, 
trays. 

Pipes of all kinds. 

Crane bearings, housings, brakewheels. 

Section 4.—Other Industries. 

Agriculture and horticulture. 

Chemical. 

Clay, building materials and refractories, glass, 
cement, pottery. 

Colliery, mining, coking and quarrying. 

Food, drink and tobacco. 

Gas and electric power and water supply. 

Iron and steel. 

Paper, printing. 

Rubber. 

Textile and clothing. 

Timber. 


base- 








stress. Again, a study of the very clear arrest 
and expansion periods noted on the cooling 
curves, especially those of the heavy and large 
boring bars, indicates that a thick section of a 
casting may be undergoing an expansion at a 
time when a thinner section has passed its ex- 
pansion phase and is in a state of contracting. 
Under these conditions the thin sections will 
suffer extensional stress. 

Conversely, the thicker sections will be sub- 
jected to a compressional stress by the effort 
of the earlier cooled members to contract. 
Finally, the heavy ‘sections, on cooling, must 
take up a shorter length by bending certain 
































ie HE 
A ase ¢ “ 
4 wok oll 
zen + 
Pj “ee 
‘= 
aul me ee Bre Ores Ge l 
~~ » - ne wo ~ Ve xn + 6CUF « bd 
——————————— —__,_ _ ae 


Fic. 8.—DESIGN AND THERMAL History OF 
TEST CASTING. 


sections of the casting, or by fracture in the 
weakened or most highly stressed sections. 

The author's thanks are tendered to Mr. R. G. 
Greenwood (chairman) and the directors of 
Craven Bros., Limited, machine-tool engineets, 
for facilities to obtain information for this 
Paper. 
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Although the possible practical application of 
results of the work done has always been kept 
in mind, it is thought that the subject of this 
Paper may form a suitable basis for discussion 
and, further, though the subject is still in a 
preliminary stage, it is hoped that its presenta- 
tion will result in some definite lines being 
indicated along which additional worth-while 
investigations may be pursued. The Paper, 
however, is intended mainly to promote dis- 
cussion. The subject is rather difficult to 
approach owing to the many experimental diffi- 
culties, and the procedure adopted should 
receive due consideration initially. The many 
variables entering into ordinary cupola melting 
make the direct application of this research to 
the cupola in everyday practice lengthy and 
sometimes confusing. 


Apparatus Used 


In order to improve the conditions of the 
tests a new ladle was made and drilled all 
over the sides and bottom with 4-in. diameter 
holes to facilitate the escape of steam during 
the drying of the lining. A block pattern was 
made to form the lining 1 in. thick all over 
the bottom and sides and used for ramming 
up. Prior to this, there was a tendency to 
make the bottom of the old ladle too thick 
and the sides too thin, and any variation in 
thickness of the refractory altered the cooling 
rate of the metal. This cooling rate was always 
checked by plotting a time-temperature graph 
for each test. With the new system a very 
smooth, even lining was obtained and this was 
dried very thoroughly with the ‘“ Aurora” 
burner used for lighting the cupola, by apply- 
ing the heat to the outside as well as the inside 
of the ladle. The ladle was knocked out after 
each day’s tests and made up afresh before the 
next in order to ensure reasonably identical 
conditions; no black-wash was used on the sur- 
face of the lining. 

The burette with the two-way glass stopcock, 
as illustrated in the previous Paper,* was found 
unsatisfactory when very high rates of evolu- 
tion were encountered as the bore of the stop- 
cock gave a “wire” effect which hindered the 
registration of sudden increases in rate, and at 
the same time 50 ml. capacity was in some 
cases found to be inadequate. A burette was 
therefore constructed from glass tubing of 
15-mm. bore and 42-in. length, having a capacity 
of 200 ml. without running out and reading 
in 7c in., equivalent to 0.5 ml. Care was 
taken to keep the inlet at the bottom end as 
large as possible, and by this means sudden 
fluctuations in gas evolution were easily re- 


corded. One particular increase in evolution 
appears to coincide with some change, such as 
perhaps the separation of primary graphite. 
This point, although interesting, is evidently not 
of much practical importance. 


It is interesting to note that the introduction 


of cold material appears to liberate large quan- 
tities of gas from liquid cast iron. This is 
shown in the case of steel additions referred to 
later ‘n the Paper. The use of the bell which 
consti‘tes a cold addition may have the same 
effect. This would explain why the large evo- 
lution takes place immediately on placing the 
bell position in the surface of the metal, 
oe tive, within limits, of the initial tem- 


he Measurement of Temperature 


It said that molten cast iron varies in its 
fMiss:\ity, and that this gives conflicting results 


FOUNDRY TRADE JOURNAL, Vol. 61, p. 444 





FOUNDRY TRADE JOURNAL 


Gas in Liquid Cast Iron 


By WM. Y. BUCHANAN 


where the variable is measured against tem- 
perature change, as for example in the study of 
fluidity by casting tests. Different methods of 
melting are said to give different emissivity 
values for the same temperature. The emissivity 
is also held by some workers to change even 
from furnace to ladle. With temperatures taken 
by optical pyrometer in the open-hearth or elec- 
tric furnaces, where (1) the angle of the tele- 
scope of the pyrometer to the metal surface is 
very oblique; (2) the surface is covered with 
slag of a glassy or smooth type with highly 
reflecting surface; (3) the furnace gases 
are luminous and_ continually changing; 
(4) the atmosphere contains fine limestone dust 
at high temperature, or (5) on tapping, a very 
heavy fume (red or white) covers the launder, 
the emissivity, as recorded by the optical pyro- 
meter, must be subject to great and constantly 
varying errors. The substitution of thermo- 
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1.—FormM oF GAS ANALYSIS APPARATUS. 











FIG. 


couples for optical pyrometers is the obvious 
solution, and it is said to have been the means 
of turning a rather doubtful set of results into 
a highly successful piece of research. The 
measurement of temperature by optical pyro- 
meters is, however, not necessarily always wrong, 
and has much to recommend it owing to its 
relative freedom from trouble when making 
large numbers of daily readings. The immersion 
of thermocouples usually results in rapid wear- 
ing of the thermocouple wires, but couples of 
suitable materials for use on steel and cast iron 
are said to have been developed a number of 
years ago, although these have not become 
generally available as yet. 

Ladle additions are said to change the 
emissivity value, considerable errors mentioned 
in this connection being of the order of 190 
deg. C., although this is rather difficult to 
accept without substantial proof. The emissivity 
value for molten metal is likely, or perhaps 
certain, to be entirely dependent on the type of 
surface film. This film is usually an oxidation 
product diluted by non-metallic inclusions 
separating from the molten metal. The addi- 
tions can and do modify the film radically, and 
so also the emissivity, as, for example, in the 
case of traces of soda-ash slag and similar fluxes. 

Apart from the question of degree of 
emissivity, the condition and appearance of the 


surface film seem to be an indication of the 
metal conditions, and it may have some relation 
to the quantity and character of dissolved gases. 
There are, however, some difficulties in record- 
ing the appearance of the film in any systematic 
investigation owing to the state of constant 
motion in the metal surface. The surface 
films were constantly under observation, but no 
detailed record was made in the course of the 
investigations described here. However, in the 
case of cast iron, unless the oxide film is 
modified radically by ladle additions, the 
emissivity is not likely to vary as much as the 
cases quoted. In all the gas experiments for 
this research, the surface of the metal was con- 
stantly being raked over to expose a fresh 
surface for temperature measurement by optical 
pyrometer. There seems no reason why a 
thickening medium cannot be used to assist in 
raking off this film unless it interferes with the 
normal measurement of temperature. There is, 
however, no doubt that a study of this question 
of temperature measurement is highly desirable 
and perhaps long overdue. The use of the im- 
mersion thermocouple pyrometer as a check 
would no doubt be helpful in ordinary foundry 
conditions, where the optical pyrometer is regu- 
larly used. 


Gas Analysis 

On first considering the type of gas apparatus 
required for the analysis of small volumes of 
gas collected from liquid cast iron, several 
points had to be considered. For example, the 
volume of gas collected may be extremely small, 
especially if an attempt is made to separate 
fractions of the volume given off, and to allow 
of repeat tests the apparatus must be capable 
of handling small samples accurately. The use 
of mercury seemed advisable and so the™ 
various forms of the Orsat type were ruled out. 
The cost of types like the Bone and Wheeler 
was deemed prohibitive, and the apparatus 
selected and described here is designed by 
Ambler. The arrangement and simple design 
show an intimate knowledge of the subject by 
the designer and considerable practical experi- 
ence in gas analysis. The apparatus which is 
shown in Fig. 1 consists of :— 

A—A combined explosion and absorption 
pipette of about 25 ml. capacity. 

B.—A measuring vessel consisting of three 
bulbs of volumes 1, 3, and 6 ml. respectively, 
which allows the use of samples from 0.25 ml. 
to 15 ml. at N.T.P. 

C—A water jacket and thermometer E for 
measuring the temperature of the sample. 

R, and R..—Reservoirs for applying or reduc- 
ing pressure. 

G.—A barometer for taking readings required 
in the calculation. 

D.—A manometer for reading pressures of 
the sample during analysis. 

F.—An additional manometer for indicating 
the rate of and completion of solution of gases. 

The barometer G and manometers D and 
F are mounted on a mirror engraved with a 
common scale which makes accurate readings 
easy and prevents parallax errors. The com- 
plete apparatus with the exception of the 
barometer and manometer consists of capillary 
tubing, and all rubber connections are eliminated 
from the main part of the apparatus. 

The samples of gas were always collected 
over mercury, and when retained for any length 
of time were kept under a slight pressure so as 
to prevent any contamination of the sample by 
air. The accuracy of results is shown by the 








446 


three following consecutive percentage analyses 
of the same sample of town gas:— 


co, 3.47 3.36 3.42 
oO, 11.13 9.88 10.16 
co 8.78 9.97 9.84 
H, 65.32 65.32 65.34 
CH, 9.44 9.24 9.31 


The volume of the sample used for analysis 
in each case was about 10 ml. 

From previous work carried out, moisture 
was found to have a pronounced effect on the 
quantity of dissolved gases, and, besides the 
case of moisture in the ladle lining, there is a 
similar possibility of the supply of moisture 
from the cupola itself. 

Primarily there is the case of insufficiently 
dried patching material giving off free or un- 
combined water, and, in addition, the moisture 
or water of combination driven off at elevated 
temperatures. The moisture contained in coke 
on charging is generally supposed to be driven 
off completely in the upper part of the furnace; 
the sand bed, however, is composed of green 
sand. In the case of the 45-in. cupola (balanced- 
blast) on which the following study of blast 
conditions was carried out, the quantity of green 
sand would be over 10 cwts., which would be 
equivalent to about 90 lbs. of free water. This 
must be a potential source of moisture to enter 
the metal, and it is difficult to see how it 
can be eliminated if this were necessary. Ample 
ventilation of the drop bottom is essential to 
prevent any tendency for this water to rise 
through the metal, especially where, as in the 
continuous running systems, the whole of the 
bottom may not be covered with liquid metal. 
It is, of course, not possible to dry out the 
bottom completely or the risk of breakout would 
be greatly increased. Another source of 
moisture is the atmosphere, and this aspect 
was studied in detail. 


Measurement of Moisture Content of the 
Atmosphere 

Some difficulty is encountered in determining 
the actual weight of water in the atmosphere. 
The wet- and dry-bulb hygrometer is well 
known, and there are many similar instruments 
in attractive bakelite mountings for general 
indoor use. These are, however, supplied with 
a table giving the percentage humidity at the 
observed temperature, and sometimes this scale 
is built into the instrument case and operated in 
position. This percentage humidity is un- 
fortunately of no direct value in the study of 
blast conditions. 

A standard wet- and dry-bulb instrument was 
used, and for observation was housed in a 
small suitably-ventilated cupboard on a_ post 
situated in the open where the readings were 
made at the time of blast-on and blast-off. 

The local observatory advised the use of 
formule set out in M.O0.421, “ Averages of 
Humidity for the British Isles,” and the method 
of computation is as follows: 

The determination of vapour pressure (x) and 
relative humidity from readings of dry-bulb 
temperature (f) and wet-bulb temperature (r') 
has been effected using the formula 

x=f-A(t-’) 
where f is the pressure of saturated vapour at 
the temperature of the wet bulb (7') and A is a 
constant. For readings of temperature in 
degrees Fahrenheit and vapour pressure in milli- 
bars, A has the value 0.444 when ¢ is 32 deg. F. 
or above 32 deg. F. and 0.400 when ? is below 
32 deg. F. The values of moisture content have 
been computed from values of temperature 
and vapour pressure by means of the formula 





$= 216.7 5 and are set out in Table I, where 


x is the vapour pressure, T is the dry-bulb 
temperature in absolute Centigrade scale, and 4 
is the moisture content in grams per cubic metre. 

For calculation of the weight of water de- 
livered in the blast, a constant delivery of air 
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was assumed, namely 4,500 cub. ft. of air per 
minute to the cupola, and the figure was adhered 
to for comparative estimations from day to day. 

Table I sets out the weight of water delivered 
per hour to the cupola, calculated to Ibs. It 
will be observed that this figure varies very, 
considerably, i.e., from 36 Ibs. to over 100 Ibs. 
per hour on what are virtually consecutive days. 
These figures will no doubt be a source of 
surprise to many foundrymen, and on their face 
value justify serious research into possible means 
of control or elimination of this excessive 
moisture from several points of view—namely 
(a) fuel economy, (b) possible maximum tem- 


TaBLE I.—Daily Variations in Atmospheric Moisture 
related to Water Content in Blast. 








Lbs. 
lop | water Remarks 
Day. | ,°™@P: | per hour on 
7 | Deg. F. | =f oF 
| to 45-in.| weather conditions. 
| cupola, | 

Mon. 46.8 84 | — 
Tues. | 45.3 77.5 — 
Wed. | 49.3 71 _- 
Thurs. | 49.0 109 =| Overcast—Raining 
Fri. | 37.3 55 | Overcast—Raining 
Sat. | 39.8 59 =| Clear—Bright—Sunny 
Mon. 45.3 70 =| Clear—Bright—Sunny 
Tues. | 49.5 56 =| Bright—Sunny 
Wed. | 42.5 | 39 | Bright—Sunny 
Thurs. | 43.0 | 36 | Bright—Sunny 
Fri. | 43.8 | 53.5 | Dry—Slightly overcast 
Mon. | 46.0 99 | Overcast—Raining 
Tues. | 47.8 106 | Heavy rain. Dull 
Wed. | 34.0 64.5 | Snowing 
Thurs. | 39.2 48 | Overcast but dry 
Fri. | 42.6 36.5 | Clear—Bright 
Sat. 46.4 42.5 | Clear—Bright 
Mon. 54.0 112.5 | Slight rain—Cloudy 
Tues. | 43.0 | 72.5 | Overcast—Slight rain 
Wed. 48.3 | 91 Overcast—Slight rain 
Thurs. | 52.3 | 88 | Clear—Bright 
Fri. | 53.9 77 ~—‘'| Clear—Bright 
Sat. | 46.9 74 | Dry—Heavy rain earlier 
Mon. 47.3 67 ‘| Clear—Bright 
Tues. 50.0 79.5 | Raining 
Wed. | 54.5 62 | Dry—Bright 
Thurs. | 49.8 69 | Dry—Bright 
Fri. 51.6 65 | Dry—Bright 
Mon. 46.0 85 | Overcast but dry 


Tass Il.—Summary of Data obtained by E. H. Lewis. 
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as well to review the possible methods, 21d how 
these have stood the test of experiments’ appjj. 
cation to the blast furnace. While the c uestiop 
of economy of fuel and regularity of me ting in 
the cupola might be important, the main object, 
so far as this Paper is concerned, is the : elation 
of moisture content to gas in the melted metal, 


Historical Notes on Dry Blast (from “ewis; 
Paper) 





1800.—J. Dawson, of Lowmoor, in a Paper 
read at Dartford, pointed out the difference 
between winter and summer practice. 

1853.—Prideaux’s “Economy in Fuel’ gaye 
suggestions for drying blast. 

1869.—The Duke of Devonshire, at the 
inaugural meeting of the Iron and Stee! Insti- 
tute, mentioned this difference as an important 
problem to be solved. 

1880.—The Fryer process used solid calcium 
chloride. The liquor formed was to be collected 
and concentrated, and the solid so obtained dried 
and fused, but the process was not worked 
commercially. 

1885.—Cremer process used solid calcium 
chloride and sulphuric acid. The medium was 
to be placed in double-bottom trays, thus allow- 
ing for regeneration in situ. (Cremer was 
Gayley’s predecessor, and the process was a 
failure.) 

1890.—Gayley’s experimental work began. 

1901.—Notes on experiments were made in 
U.S.A. with a view to drying by refrigeration; 
a plant was to be installed at one of the Car- 
negie blast-furnace plants. 

1904.—Gayley’s Paper to the Iron and Steel 
Institute giving the first month’s figures from 
Isabella No. 1 furnace. 

1906.—In a discussion of a Paper by Moiss- 
ner, Gayley stated that the saving to be expected 
directly from drying was normally about 3 per 
cent., with a maximum of 7 per cent., and 
that the remainder of the saving actually made 
was due to greater regularity in blast-furnace 
operation.—In the Elsner process using solid 
calcium chloride, the regeneration was carried 
out in a lower drum and the regenerated cal- 
cium chloride then elevated to the upper or 
“drying drum.” 











1925 | May, | June, | July, | August 
1927 1927 | 1927 | 192% 
= 
Moisture in atmosphere, grains per cub. ft. 3.5 3.08 3.41 | 4.85 | 4.77 
Moisture in blast, grains per cub. ft... ws ++ 3.5 | 1.09 1.20 1.61 1.50 
Output per furnace per week in tons .. a --| 356.5 | 418.5 400 417.6 | 412.9 
Percentage increase in output — | 17.39 12.20 17.14 15.82 
Total carbon per ton of iron 2,055 | 1,961 1,938 1,956 1,947 
Percentage saving in fuel. . ‘ wis ee — | 4.5 5.69 | 4.82 | 5.55 
Carbon burnt at tuyeres per ton of iron, lbs. .. 1,705 / 1,611 1,588 | 1,606 1,597 
Percentage saving in fuel burnt at tuyeres.. of _- 51 6.86 5.81 6.33 
Balance of available hearth heat per Ibs. carbon burnt | 
at tuyeres. B.Th.U. (by Johnston’s calculation) ..| 1,585 1,724 | 1,717 | 1,694 1,700 
Theoretical percentage saving in carbon burnt at | _ 
tuyeres (according to Johnston) ars i as = 8.06 | 7.69 6.43 6.79 
Theoretical balance of available hearth heat per lb. 
of carbon burnt at tuyeres for actual atmosphere : 
moisture for month ios ig A = ~~ | 1,609 1,590 1,509 1,514 
Theoretical percentage saving in carbon burnt at 
tuyeres for actual monthly conditions : a 6.67 7.39 10.92 10.94 





perature obtained in the furnace combustion 
zone, and (c) gas in the molten metal, as it has 
been already shown that moisture is a serious 
source of dissolved gas in cast iron. 


Dry Blast 


The idea of drying the blast has been debated 
and the subject of experiment in connection 
with blast furnaces for a long time with the 
object of (a) fuel economy and (5) increasing 
the temperature and regularity of melting, and 
it has been under discussion more or less con- 
tinuously since 1800. Since the findings with 
regard to the blast furnace may be directly 
applicable to the cupola, the following notes 
will not be out of place, and since the question 
of drying blast for the cupola now arises it is 


Johnston's Theory. 


Grains per cub. ft. of water | B.Th.U. available per lb. 





in blast. of carbon burnt 
nil 1,788 
1 1,729 
3 1,671 
3 1,613 
4 1,557 
5 1,501 
6 1,446 


1907-9.—Refrigerating plant was installed at 
Dowlais-Cardiff plant and a considerable saving 
quoted. The Harbord process using calcium 
chloride, sulphuric acid and peat or pumice 
stone was impregnated with the medium. thus 
giving an increased surface area of the ‘atter. 
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Refrigerating plant was _ installed 
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in South sulphuric acid, etc., as already described. The 


Chicago to deal with 122,000 cub. ft. per min. conclusions from Mr. Lewis’s trials were :— 


1909.—Experiments were undertaken at 
Clarence Ironworks to determine the effect of 
uniformity of moisture. It was shown that 
considerable quantities of steam could be added 
to the blast to attain regularity without 
materially increasing the coke consumption. 

1910.—Daubine and Roy described calcium- 
chloride process in which the blast was drawn 
through calcium chloride which was water- 
cooled and arranged for regeneration in situ. A 
plant was installed at Differdange Works, 
Luxemburg. 

1911—An ammonia refrigerator plant to be 
driven by exhaust steam was installed by the 
Brymbo Steel Company. The moisture was 
to be maintained below 1.5 grams per cub. ft. 

The Wiles process, a modification of Gayley’s, 
whereby the air was cooled in contact with 
sprays of cold liquid in the outlet side of direct- 
acting blowing engines. 

1913.—Ehrenwerth stated that the Gayley 
process at the Deutscher Kaiser Works, Bruck- 
hausen, and the Daubine and Roy process at 
Differdange were out of operation and reported 
unsatisfactory. 

1917—Cammen described a process using 
calcium-chloride solution in which the brine 
flowed counter-current to the blast and was 
then taken to an evaporator and subsequently 
cooled. 


(1) That absorption methods have proved 
impracticable. 

(2) That freezing is too expensive in main- 
tenance and running costs in comparison with 
results obtained. 
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(3) That in all cases the money spent would 
have been better spent in improving other 
conditions, such as increasing blast tem- 
perature. 

Properties of Silica Gel.—It absorbs up to at 
least 20 per cent. of its weight of water from 
the air with an efficiency of 99 to 100 per cent., 
and, by raising the temperature, the water can 


TABLE III.—Showing Negative Influence of Atmospheric Moisture on Cupola Conditions. 
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tion of a drying unit, working on Silica Gel, 
as used at Wishaw (taken from Lewis’s Paper). 

To study the effect of moisture in the air 
and ultimately the effect of its removal from 
air blast, gas analyses were taken on successive 
days showing changes of atmospheric moisture 
content. The examples recorded in Table III 
give moisture contents from 36 lbs. to 112 Ibs. 
per hour, and a prolonged study of the gas 
analyses does not reveal any relation to the 
moisture content of the blast. 

It is true that the metal composition varies 
somewhat, but a study of this question did not 
justify the assumption that variations of analysis 
of the magnitude shown here resulted in any 
marked difference in solubility of the gases. 

Then again, the range of temperature of col- 
lecting the gas shows some variation but no 
decided difference was found between gas col- 
lected at varying temperatures. The same re- 
marks apply to variations in pressure of blast 
which can be taken to indicate large variations 
in volume of blast going through the cupola 
although not necessarily through the fusion zone 
of the cupola. 

The conclusion is that the normal variations 
of furnace condition throughout the blow have 
more influence on the gas composition than the 
moisture content of the blast itself. 

The collection of samples for gas analysis 
was accompanied by measurements of volume 
of gas evolved during cooling. Some of these 





Lbs. 





























“hes Blast | be Metal composition. Gas analysis. 
per hour eS during ———— , 
to cupola. Ozs. | sampling. T.C. Si. | Ma. | SB. | P. co, O, cO | H, | CH, | Ny 
> | | | =~ | 
59 16 | 1160-1110 | 3.25 | 2.62 | 0.88 | 0.085| 0.40 | Ni 0.4 | 16.8 | 20.0 0.7 | 62.1 
74 | 16 | 1130-1110 3.15 2.43 | 0.95 | 0.082 | 0.41 0.4 0.9 | 10.5 6.7 | 1.4 | 80.1 
56 | 15 1140-1110 3.28 2.58 | 0.855 0.091 | 0.43 0.8 0.3 | 20.9 17.7 | 1.1 | 59.2 
39 16 1140-1110 3.10 | 2.13 | 0.70 0.105 | 0.46 0.4 0.6 | 11.1 12.0 0.5 75.4 
36 | 16 1220-1170 2.94 | 2.25 | 0.75 | 0.111 | 0.505 | 1.8 0.1 13.6 | 15.7 2.2 | 66.6 
53.5 | 15 | 1190-1160 3.00 | 2.19 | 0.735 | 0.104 | 0.51 2.2 0.2 8.5 | 13.0 0.8 | 75.3 
99 15.5 1180-1120 3.05 2.32 | 0.71 | 0.106 0.52 1.0 0.4 16.2 |; 9.2 1.3 71.8 
106 15 1160-1130 2.98 2.22 | 0.735 | 0.103 | 0.48 §.2 0.4 6.4 13.6 1.0 | 73.4 
65 | 15.5 1160-1110 3.03 1.84 | 1.03 0.098 | 0.48 0.4 0.4 | 18.6 | 14.8 0.7 65.0 
48 | 15.5 | 1170-1110 3.11 | 2.30 | 0.745! 0.103 | 0.46 | 2.8 0.4 | 10.8 | 14.5 0.5 | 70.9 
36.5 | 15.5 1170-1090 3.21 2.01 | 0.745 | 0.098 0.48 1.3 0.4 | 11.6 7.3 0.6 | 78.8 
42.5 15 1190-1130 3.26 2.04 | 0.85 | 0.099 | 0.47 1.1 0.7 | 21.0 6.8 | 0.9 | 69.5 
112.5 15 1180-1120 3.17 2.25 | 0.80 0.105 | 0.48 1.9 0.3 | 23.1 8.0 2.3 64.4 
72.5 15.5 1180-1110 | 3.08 2.18 | 0.725 | 0.097) 0.48 £3 0.3 |} 8.4 18.0 | 2.0 | 69.1 
91 16 1200-1150 | 3.12 | 2.26 | 0.735! 0.107 0.435 | 2.1 0.6 | 5.7 | 16.2 1.5 | 73.9 
88 13 No record | 3.27 | 2.24 | 0.81 0.097 0.47 1.3 0.7 | 17.0 11.5 1.4 68.0 
77 12 No record | 3.25 | 2.47 | 0.785 | 0.097 | 0.435 1.9 | 0.6 20.5 9.6 1.3 | 66.1 
No record 15.5 | 1210-1150 | 3.20 | 1.84 | 1.07 | 0.107 | 0.415 0.5 | 0.6 | 18.2 7.1 Nil 73.7 
The only Paper consulted giving the results be driven off, leaving the Gel ready for another are set out in Table IV along with metal 


of direct practical trials of the application of 
dried blast was that of E. H. Lewis describing 
results obtained at Wishaw. This was particu- 
larly interesting because these furnaces were in 
the Clyde area and would operate under related 
climatic conditions. The material used in 
drying the air was Silica Gel and the following 
quotation is from this Paper, which was written 
in 1927, describing the application of this 
material in a suitable system of driers to a 
blast-furnace plant. 


Readings at Wishaw of moisture in the 
atmosphere in grains per cub. ft. (Lewis). 


1927. Maxima. Minima. 
April 4.70 1.11 
May 5.88 1.47 
June 5.57 1.33 
July 6.51 3.62 
August 6.56 3.26 


A ‘actor—0.5 grain per cub. ft. equals 10 Ibs. 
of Ww: ter per ton pig-iron made—was used. 
In Scottish blast-furnace practice, the weight 


of ai: used per ton of pig-iron is about 10 cwts. 
more than the total weight of all other materials 
charged into the furnace, hence if care be taken 
with ‘he selection of other materials it seems 
only iogical to get the air in the best possible 
8M Many attempts have been made to 
obta 


constant blast conditions by freezing or 
by sorption of water with calcium chloride, 


cycle. It is not advisable to reduce the moisture 
content of the Gel below 5 per cent. A matter 
of 2 lbs. of Gel is required for each cubic foot 
of air treated per min. Filters are required, 
to extract dust from the air, otherwise this may 
adversely affect the Gel beds. A 2-in. water 
gauge suction is necessary to draw the air 
through the Gel trays. Air was used to dilute 
the activating gases in order to reduce the tem- 
perature to 338 deg. C. The gas necessary for 
activating at 135 B.Th.U. per cub. ft. uses about 
the equivalent of 7 tons coal per day. In cold 
weather the dehydration is very complete. 


The saving in fuel in the blast furnace is not 
so important as in the cupola because any gas 
leaving at the top of the blast furnace is used, 
whereas in the cupola it is lost. In connection 
with the blast furnace regularity of quality is 
said to be more important than fuel economy. 


It seems likely that this Silica Gel process 
would be the most promising for application to 
the cupola, but an experiment of this magni- 
tude would naturally make an_ individual 
foundryman think twice. It is an experiment 
which ought to be undertaken after due con- 


analysis, moisture content, blast pressure, tem- 
perature range. In all the cases graphs were 
made of time-temperature and temperature-rate 
of evolution, and these graphs are really the 
best method of presenting the data, but large 
numbers of graphs cannot be reproduced here. 
The same remarks as applied to the case of the 
gas analyses may be applied to the volume and 
rate of evolution of gas. No definite relation- 
ship is shown between total volume, or maxi- 
mum rate of evolution of gas from liquid cast 
iron and the moisture in the blast. 


Addition of Water to the Blast 


In spite of the conclusions drawn from the 
work done on the possible relation between 
gas content and atmospheric moisture it was 
thought that the presence of water in the blast 
must have an important effect on the nature and 
quantity of dissolved gases, and it was decided 
to introduce water into the blast and observe 
the effect. This was done using a Pitét tube, 
with one tube attached to the top of a large 
bottle and the other to a tube leading from the 
bottom. By this means water was fed in ata 
regulated rate against the blast pressure. It 


sideration of its cost and probable advantages, was deemed unwise to apply this to a cupola 
because the cupola is now developed to a state on normal production owing to the risk of pro- 


of perfection when such an improvement as 
dry blast would not be out of place. 


ducing defective castings, so the trial was made 
on a 32-in. cupola melting metal for pigging 


Fig. 2 shows graphically the cycle of opera- only. 





! 
| 
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The conditions before the addition of water 
were:— 

Analysis of gas in metal: CO,, 0.94; O,, 0.82; 
CO, 23.92; H, 13.72; CH,, 2.92, and N,, 57.68 
per cent. 

Composition of ladle metal: T.C., 3.17; Si, 
1.67; Mn, 0.595; S, 0.228, and P, 0.445 per cent. 

After the addition of water the following 
changes were recorded:— 

Analysis of gas in metal: CO,, 0.10; O:, 0.40; 
CO, 7.58; H:, 23.68; CH, nil, and N,, 68.24 
per cent. 

Composition of ladle metal: T.C., 2.89; Si, 
1.29; Mn, 0.60; S, 0.27, and P, 0.43 per cent. 

This test showed some changes of the gas 
analysis, the water addition being accompanied 
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case of the steady supply of water throughout 
the entire run, including lighting-up time, would 
be much more effective. It is well known that 
a cupola improperly lighted never really recovers 
during the entire run, but continues to melt in 
an unsatisfactory manner, giving metal colder 
than usual. 

It is also well known to foundrymen that 
the cupola works better on some days than on 
others. Even the ordinary domestic fire in an 
open fireplace may be observed to burn much 
brighter on days when the weather is frosty 
and clear. There is to be found some support 
for the view that the atmosphere is related in 
some way to gas in metal, for example, in the 
discussion on a Paper “ Hydrogen in Solid White 


TaBLE IV.—Gas Evolution related to Atmospheric Moisture. 






































Lbs. water; Blast ~— | — Max. f me Metal composition. 
Date. | per hour | pressure as —— ~ aa 
$o-eeneln at ’ | evolution. | evolved, | evolution, | 
ate Deg.C. | mls. | mis./min.| T.C. | Si. | Mn. | S&S | P 

29.2.40 59 14 1180-1090 [No record 96 | 3.29 | 2.46 | 0.91 | 0.076 | 0.41 

1.3.40 74 16 1190-1060 | 49.5 34 3.22 2.40 | 0.92 | 0.082 | 0.40 

4.3.40 56 16 1220-1060 | 57 27 3.14 2.25 0.91 0.103 | 0.43 

5.3.40 39 16 1200-1080 | 43.75 | 24 3.05 | 2.05 | 0.71 0.106 | 0.46 

6.3.40 36 16 1160-1020 | 63 44 | No sam|ple take|n 

7.3.40 53.5 15 1200-1070 | 47 33 2.97 2.16 0.745 | 0.103 | 0.51 

8.3.40 99 15.5 1170-1030 44 | 43 | 2.98 | 2.22 0.735 | 0.103 | 0.51 
11.3.40 106 15 1170-1050 | 60.5 56 3.04 2.55 0.785 | 0.097 | 0.47 
12.3.40 65 15.5 1150-1060 | 48.5 | 44 2.96 | 2.04 1.08 0.098 | 0.44 
‘13.3.40 48 16 1190-1080 | 67.75 | 66 3.02 | 2.28 0.77 0.105 | 0.44 
14.3.40 36.5 15.5 1170-1040 | 52.5 | 39 3.13 | 2.02 0.81 0.098 | 0.47 
15.3.40 42.5 15.5 1210-1070 49.5 38 3.09 | 2.12 0.83 0.100 | 0.435 
18.3.40 112.5 15 1140-1020 49.25 36 |} 3.12 | 2.16 0.785 | 0.102 | 0.435 
19.3.40 72.5 15.5 1220-1140 | 35 | 52 | 3.12 | 2.08 | 0.84 0.098 | 0.46 
11.3.40 91 16 1210-1090 49 31 | 3.05 | 2.18 | 0.765 | 0.098 | 0.425 
12.3.40 88 14 1230-1130 | 49.25 | 38 | 3.29 | 2.26 | 0.775 | 0.104 | 0.445 
25.3.40 77 13.5 1180-1080 | 53 38 3.28 | 2.26 0.795 | 0.090 | 0.435 
27.3.40 | No record 16 1270-1080 | 50 42 3.32 | 1.82 | 0.96 0.100 | 0.425 
20.4.40 100 16 1290-1110 37 | 25 3.38 | 2.12 | 0.84 0.087 | 0.515 
21.4.40 106 16 1250-1140 | 35.25 | 28 | 3.51 | 2.08 | 0.795 | 0.098 | 0.49 
with an increase in hydrogen in the metal. The Cast Iron,” J. L. Cawthorn, jun., said that in an 


change in the composition of metal is not due to 
the presence of additional moisture in the blast, 
but due to changes in composition of the cupola 
charge. 

The measurement of volume of gas evolved 
from the metal before the addition of water 
gave a maximum rate of evolution of 32 ml. 
per min., while after the addition of water to 
the blast it gave a maximum rate of evolution 
of 90 ml. per min. 

This experiment showed that the presence 
of water in the blast had a pronounced effect 
on the quantity and composition of the dissolved 
gases. It is also possible that other types of 
cupolas, e.g., the single-row Rapid type, will 
react differently from the experiment recorded, 
and that ‘charges containing large percentages 
of scrap in a Rapid type of cupola may be more 
adversely affected by high moisture conditions 
owing to the high concentration of the blast 
in certain parts of the cupola. 

Owing to the unusual set of conditions pre- 
vailing in the 32-in. cupola remelting for pigging, 
it was thought advisable to duplicate the experi- 
ments in an 18-in. cupola running on 100 per 
cent. pig-iron, using a coke of 4 per cent. ash 
content and no limestone. The volume measure- 
ments were made on the gas as before. 

The maximum rate of evolution of gas from 
metal normally melted in this small cupola was 
15 and 17 ml. per min., while after the addition 
of water to the blast the maximum rate of 
evolution was found to be 24 and 28 ml. per 
min. on two series of tests. In this case a rela- 
tively large quantity of water was added, but 
this could not be said to produce any very 
obvious signs of lower temperature in the 
metal. This, however, need not be taken to dis- 
prove the theory that water absorbs heat and 
lowers the available calorific value of the fuel 
as indicated by Johnston’s theory. 

This experiment represents a well-heated coke 
bed receiving a water addition of relatively short 
duration, which it would conceivably be able to 
stand without much fall in temperature. The 


attempt to eliminate porosity in steel castings 
made from cupola-direct-arc electric furnace 
iron “the incidence of porosity was checked up 
against humidity of the atmosphere, and 
although the curves were not qualitatively 
analogous, there was some quantitative analogy 
between the curves.” 

Experiments concerned with the elimination 
of gas from the liquid cast iron are much more 
easily carried out than any attempt to limit or 
control the amount of water going in with the 
blast. The effect of direct oxidation either by 
scale alone or by mixtures of scale and soda 
ash has already been described in the previous 
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Paper* showing a decided reduction of the 
volume. 

It was intended to test the effect of ~arioys 
additions on the gas content of the meta! in the 
ladle, using such additions as are likely to be 
made, including alloys, but this field vs not 
covered. 

Addition of Steel Turnings 

The addition of steel to the cupol. has 
always been associated with oxidation, silphur 
pick-up, and heavy lining wear. This a>plies 
more particularly to thin steel scrap whic’. pre- 
sents large surface area. The introducticn of 
steel as a ladle addition is free from the excessive 
oxidation, sulphur pick-up and lining wear t.king 
place in the cupola, and on that account has 
much to recommend it. Steel cuttings and iurn- 
ings are available in large quantities {rom 
machine shops, and while the material is pro- 
duced in various forms from large spirais to 
small compact chips these can be rendered uni- 
form in size by suitable “chip breakers” now 
on the market or specially selected for foundry 
use. For example, a group of circular saws for 
cutting bars produce small curled-up cuttings less 
than 3 in. diameter, which can be shovelled 
readily in small quantities, and these melt 
readily in cast iron. 

A decrease in temperature is to be expected 
with the introduction of cold material to the 
ladle, and this factor will limit the quantity 
which can be used in particular cases. A 
quantity of 4 lbs. per cwt. of liquid cast iron can 
be used regularly without serious decrease in 
temperature. This addition is useful to metal 
for casting heavy pieces requiring close grain 
and good finish, as for example slides and 
saddles for lathes. The slight decrease in tem- 
perature is in this case an advantage rather 
than otherwise. With good melting practice 
the temperature of the liquid cast iron will effect 
immediate solution of the steel cuttings or turn- 
ings, and there seems little or no chance of 
solution being incomplete even with rather heavy 
turnings. 

Using nickel or nickel-chromium turnings a 
corresponding percentage of these valuable 
alloys may be introduced in a relatively econo- 
mical manner with improvement in the general 
properties of the metal. Since the introduction 
of steel in this form is responsible for a dilution 
effect only, the resultant change in chemical 
analysis figures for the cast iron is known before- 
hand. However, the experiments with steel 
additions to the ladle were undertaken to find 
(Continued on page 448.) 

* Loc. cit. 





TABLE V.—Showing Marked Reduction of Gas Evolution on Adding Steel. 






































| Metal analysis. Max. 
Blast Temp. Total jrate of 
Date. | Time. | press. range. |volume.} evol. Remarks. 
| Ozs. | T.C. | Si. | Mn. | S., sf Deg. C. Mls. | Mis./ 
min. 
26.3.40 | 4.10} 16 | 3.32 1.82 | 0.96 | 0.100} 0.42 | 1270-1080 | 50 42 | As tapped 
» | 4.20} 16 | 3.32 | 1.95 | 0.96 | 0.102] 0.43 | 1210-1090 | 44 29 | 4percent. steel added 
” | 4.25 | 16 | 3.30 | 2.06 | 0.78 | 0.103} 0.42 | 1230-1150 76 134 | As tapped 
4.35 | 15.5 | 3.25 | 1.97 | 0.72 | 0.105} 0.43 | 1200-1160 41 62 | 4percent. steel added 
4.45 | 15 | 3.18 | 2.21 | 0.78 | 0.098) 0.42 | 1210-1130 71 | 90 | As tapped 
si 4.55 13 | 3.37 | 2.16 | 0.78 | 0.101) 0.44 | 1210-1140 36 | 56 | 4 percent. stec! added 





TaBLe VII.—Showing the Slight Influence of the Addition of Steel Turnings on the Transverse Properties 


of the Metal. 












































| ; Transverse test. | 
as Metal analysis. ! .2 in. a. | 
Date. | press temp. | > fF =e Remarks. 
| Ozs Deg. C. Nl | 
. | Load. | Def. 
| FA Si. | Mn 8 P. 7 San 
S | — 
28.3.40 | 16 | 1260 | 3.35 | 1.80 | 0.74 | 0.098 | 0.41 | 2,380 | 0.25 | As tapped. 
a 16 1260 | 3.35 | 1.85 | 0.77 | 0.097 | 0.40 | 2,480 0.25 | 4 per cent. steel turn ngs 
| | j | —————— 
29.3.40 | 15.5 | 1260 | 3.34 | 2.06 | 0.75 | 0.103 | 0.41 | 2,492 | 0.25 | As tapped 
- | 15.5 | 1260 =| 3.37 | 2.16 | 0.73 | 0.104 | 0.39 | 2,576 | 0.25 | 4 per cent. steel turnings 
— 
1.4.40| 14.5 | 1260 3.33 | 2.02 | 0.94 | 0.107 | 0.48 | 2,184 | 0.25 As tapped 
» | 14.5 | 1260 | 3.30 | 1.97 | 0.92 0.095 | 0.46 | 2,100 | 0.25 | 4 per cent. steel turm-ngs_ 
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and Feeding 


Methods for High-Duty Alloys 


By A. E. CARTWRIGHT and C. C. BRISBOIS 


(Exchange Paper of the American Foundrymen’s Association) 


The energetic development of high-duty alloys 
that has taken place during recent years, while 
being a tribute to the enterprise and ingenuity 
of the metallurgist, has taxed considerably the 
resources of the foundryman required to pro- 
duce castings embodying the enhanced qualities 
implied by the results of metallurgical research. 

The foundry and metallurgical technique re- 
quisite for the production of sound, dense cast- 
ings in the modern high-duty and alloyed irons, 
for example, is much more exacting than that 
which was required in other days for the cast 
irons of the period. Higher pouring tempera- 
tures are the general order, and dictate the use 
of more refractory moulding sands. High liquid 
shrinkage and short freezing range of the low- 
carbon high-strength grey irons, “ Ni-Resist,” 
“Ni-Hard” and similar alloys, demand more 
generous feeding measures than the grey-iron 
foundryman was previously accustomed to pro- 
vide. 

A steadily increasing demand for castings of 
these types of alloys argues that they are per- 
forming satisfactory service. Whether methods 
of producing them are universally such as to 
utilise to the fullest extent the metallurgical im- 
provements that have been demonstrated, is 
possibly debatable and a subject worthy of con- 
sideration by those interested in their promotion. 
It is not sufficient that these modern alloys should 
furnish some additional service value over that 
of material previously used; for true progress 
one must aim for the ultimate properties pos- 





1.—BOTTOM PARTS FOR THE CASTINGS 


SHOWN IN FIGS. 3 AND 4. 


sible . attainment from alloy concerned. That 
this a:.itude has been taken by many pioneering 
Produ ers of these alloys is certain; otherwise, 
Tegarc ess of the improved metallurgical quali- 
lies sod higher properties obtainable in test- 
bars, such marked success, in competition with 


other metals and methods of fabrication, could 
not have so far been attained or maintained. 

It is recognised that discrepancy unavoidably 
exists between the mechanical properties of sec- 
tions of a casting and those obtained from a 
standard form of test-bar, owing to the diverse 
structural characteristics, produced by differ- 
ences in cooling rates, occurring in the vary- 
ing designs of castings. It is essential, however, 
that the foundryman should take all precautions 
against this discrepancy being widened by porous 
discontinuities produced by inadequate feeding. 
In the authors’ experience, gating and feeding 
proportions may be such as .o provide a mini- 
mum or maximum density in a casting, above 
the range where rejection, due to visible defects, 
occurs. Minute porosities resulting from mini- 
mum feeding provision will usually be reflected 
in lowered strength and lessened resistance to 
wear, abrasion, cavitation and corrosion. 

A number of variables are present when plan- 
ning the proportions and location of gates and 
feeding heads for an unfamiliar design of cast- 
ing. In foundries engaged in quantity repetition 
work, it is feasible to determine, on a trial basis, 
the most effective and economical moulding 
technique for a particular design, before going 
ahead with production. This process is not, of 
course, practical where the miscellaneous job- 
bing foundry is concerned, except in minority 
instances, where a large number of castings from 
one pattern design are required. 

The methods described in the present Paper 
were evolved to meet the requirements of the 
extremely miscellaneous jobbing foundry with 
which the authors are concerned. Experiments 
were initiated about four years ago with the 
object of reducing the sensitivity to the vari- 
ables prevalent in ordinary methods of gating 
castings weighing from a few ounces to two 
tons, made in both ferrous and non-ferrous 
alloys, including various tin bronzes, brasses, 
manganese and aluminium bronzes, silicon 
bronze, nickel silvers, Monel, and commercially 
pure nickel, as well as the alloyed irons men- 
tioned above. 


General Gating and Feeding Practice 
Consideration 


While innumerable variations of gating and 
feeding of castings are practised by different 
foundries, the almost universal method is to run 
castings by introducing the molten metal 
through one or more gates and to take care of 
shrinkage by use of feeding heads. Adequate 
feeding is sometimes accomplished by means of 
the gate itself, but when heavy sections are in- 
volved and more than a very moderate amount 
of: feeding is required, separate feeding heads 
usually are employed. Such heads, more often 
than not, represent the last portion of the mould 
to be filled upwards from the casting, and, there- 
fore, must be so proportioned as to provide 
feeding metal of sufficient quantity and fluidity 
to take care of the shrinkage requirements of 
the casting sections. 

A number of supplementary methods fre- 
quently are employed to attain and maintain 
the required fluidity of the metal in the feeding 
head, e.g., (a) interrupting pouring through the 
gate at a point where the mould cavity is filled 
and transferring pouring directly into the riser, 
and (b) connecting the down-sprue with the 


base of the feeding head at a point where the 
mould cavity is full. Covering the head with 
powdered charcoal or other compounds furnish- 
ing an exothermic reaction, introducing a small 
amount of phosphor-copper (in the case of some 
bronzes), the use of feeding rods, etc., are all 
methods used to increase feeding-head efficiency. 





Fic. 2.—CLoOsED MOULDS FoR Dies, SHOWING 
STRAINER CORES. 


The obvious method of dispensing with a 
separate introductory gate and pouring directly 
and entirely through the feeding head is seldom 
seriously considered. To use the last-mentioned 
method, it is necessary to ensure that the metal 
entering the mould is thoroughly free from 
dross or slag, and also to provide a mould 
surface that will resist satisfactorily the impact 
of falling metal. This latter condition 
commonly is considered sufficiently difficult of 
fulfilment to discourage the use of that method 
of introducing the metal. The methods herein 
described and illustrated were planned to over- 
come these seeming difficulties, and to render the 
pouring of moulds through feeding heads a 
practical and worth-while procedure for many 
designs of castings. 


Existing References to Direct Pouring Methods 
Dwyer’ illustrates and briefly describes a sys- 
tem of direct pouring through a strainer-feed- 
ing head, attributing the original idea to an 
Italian foundry engineer, Brunelli. Ronceray’ 
likewise credits Brunelli with the initial recom- 
mendation. However, Ronceray can be par- 
ticularly identified with the promotion of the 
idea through several Papers’** read _ before 
European and American foundrymen. 

The late George Batty described a method’ 
of arriving at similar results by bottom-gating 
into feeding heads placed at low levels and, 
subsequently, partly or wholly reversing the 
mould position, so that the hottest metal is in 
the correct relative position for effective feed- 
ing. This process may be practicable under 
certain standard conditions of production, but 
is a rather terrifying prospect for the average 
jobbing founder. 


Preliminary Studies 

Initial consideration was given to choice of 
available moulding sands best suited to with- 
stand expected severe conditions. Practical 
trials were made to determine the most efficient 
basic form of feeding heads to accentuate the 
expected advantages of the method of direct 
head pouring. 
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Co-operative efforts of the metallurgist and 


practical foundryman were, of course, essential 
at every stage of the experiments. Critical 
comparative study of fractures and metal- 
lurgical structures was a prime means of 
evolving basic feeding-head designs. Laboratory 
and practical foundry tests of sands and bond- 
ing agents were of importance, as also were 
thermal tests indicating the relation between 
actual pouring temperatures and the tempera- 
ture of the metal in the mould at the end of 
pouring. 

These data, considered along with freezing 
ranges of various alloys, indicated the improve- 
ments available by lowering the degree of super- 
heating of the molten alloys necessary for 
optimum results. Intelligent revision of mould- 
ing technique to suit the conditions, economical 
planning of existing equipment, and the addi- 
tion of a minimum of new essentials, persever- 
ance in Overcoming various minor obstacles, 
and, not least, tact in obtaining the co-operation 
of the conservative moulder in efficiently hand- 
ling the less usual materials and methods, were 
all matters requiring careful attention. 





Fic. 3.—Dits BEFORE 


Advantages Obtainable by Direct Riser 
Pouring 


It was increasingly demonstrated — that, 
properly applied, the principle of direct riser 
pouring was capable of providing the following 
advantages : — 

(1) Much enhanced effectiveness of feeding 
by having the feeding head filled last with 
hottest metal, and maintenance of feeding 
head temperature by virtue of the head being 
covered with a heated strainer core. 

(2) A moderate economy in feeding metal 
and gates, together with a large economy 
brought about by reduction in the number 
of defective castings. 

(3) Much lessened sensitivity to feeding 
head proportions for different casting designs 
and alloys of different shrinkage charac- 
teristics; that is, the feeding head is generally 
of a size to compensate for a range of 
shrinkage wider than that provided for by the 
more usual methods. 

(4) Generally lower requisite pouring tem- 
peratures for all alloys, with corresponding 
less necessity for excessive superheating of 
the molten alloy. The last is an especially 
attractive feature from the metallurgical 
standpoint where those alloys most susceptible 
to oxidation or gas absorption beyond their 
melting point are concerned. 


Design of Direct-Pour Feeding Head 

The basic design of feeding head chosen was 
that of a straight-sided, round-shouldered, short- 
necked bottle. The total height and diameter 
are variable, according to the size of section 
to be fed and the alloy concerned. The follow- 
ing principles of proportion are adhered to as 
closely as possible : — 


FETTLING. 
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(1) The diameter of the base (neck) of the 
feeding head adjoining the casting should be 
not less than one-half the full diameter of 
the head. 

(2) The full diameter of the feeding head 
should be continued downward to a point as 
near the casting as is consistent with main- 
taining a sufficient mould strength at the 
junction. 

The importance of an efficient feeding head 
proportion and the general adaptability of a few 
sizes and shapes were considered sufficient to 
warrant making and maintaining a store of pat- 
terns. The riser pattern decided upon is 
handed to the moulder along with the casting 
pattern. This eliminates uncertainties due to 
any misunderstanding on the moulder’s part as 
to the required feeding provision. Some of 
these patterns are made of wood; others are 
cast hollow in scrap aluminium. Plain cylin- 


drical or square extensions are provided for 
varying height, and a coreprint is provided for 
seating the strainer core used in all direct-pour 
For heavy solid work having flat backs, 

die-blocks, 


heads. 


such as the round bottle-shaped 


Ee 


} 





feeding head, unmodified in shape, is used. 
Varying casting designs, position and shape of 
cores, reinforcing bars in flask equipment, etc., 
frequently make necessary modification of the 
actual shape of feeding heads. The propor- 
tional dimensions are, however, adhered to as 
closely as possible. 





Fic. 5.—CoiL-WirRE ANNEALING PoT SHOWING 
GATING ARRANGEMENTS. 
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Most of the earlier experiments were carried 
out with dry-sand moulding. This procedure 
was followed because the more expensive te. 
jections concerned this type of work; that is, 
fairly large castings of relatively heavy sections, 
and also because ordinary green-sand -aould 
surfaces do not satisfactorily resist the im; ict of 
molten metal falling from a height. I: was 
found desirable to use a synthetic sand fcr the 
higher melting point alloys, such as nickel «loys 
and alloyed irons. The fact that this sand js 
constantly available is the main reason that 
other alloys, perhaps not strictly requiring such 
a highly refractory sand, happen to have been 
cast in it. It is quite likely that, for ordinary 
bronzes, a natural sand would be sufficiently 
resistant to the pouring conditions. A {fairly 
open sand is desirable (preferably one with a 
grain fineness number of 80 to 120 and with 
high permeability, a sand corresponding to 
A.F.A. coarse No. 3 or fine No. 4), and the 
mould should be well treated with a graphite 
wash to obtain good surface quality. In 
personal practice, the authors lean generally 


Fic. 4.—FINISHED Dies MADE OF NICKEL-CHROMIUM IRON. 


toward sand of high permeability rather than 


use of a vent wire on a less open sand. 


Synthetic Sand 

The synthetic sand mixture chosen for direct 
riser pouring consists of a pure white silica 
sand bonded with 10 to 12 per cent. bentonite. 
The heap sand gradually has been built up 
over a period of two years by preparation of a 
facing sand including about 20 per cent. of 
new silica sand. When no increase in the 
quantity of heap sand is required, it is usual to 
prepare a facing sand from 100 per cent. heap 
sand, 1 per cent. bentonite being added. 


Cereal Binders 

The addition of 2 to 5 per cent. cereal 
binder is made to the facing sand. This combats 
the tendency towards surface drying and crumb- 
ling generally associated with synthetic sands. 
The cereal binder is very efficient in maintain- 
ing plasticity without leaving behind undesir- 
able fine material of bond destroying qualities 
when it burns out, a difficulty sometimes exX- 
perienced when using, for example, coal dust. 


Mechanical Analyses 

The sand, as will be seen from the mechanical 
analyses of Table I, is very resistant to grain 
changes and to reduction to fine material. Sand 
losses are confined to average burning-out of 
bond and to relatively small amounts of sand 
adhering to castings going to the fettling shop. 
The quantity of water used throughout is about 
10 per cent. A typical analysis of new silica 
sand and, for comparison, analyses of facing 
sand and heap sand are given in Table I. The 
analyses of Table I are of new silica as I 
ceived, and of facing and backing sand after 
bonding material had been washed out 








har 
this 


firs 
but 








Carried 
cedure 
ive re. 
[aat is, 
potions, 

ould 
i act of 
I: was 
for the 
| .lloys 
sand is 
nN that 
ig such 
e been 
rdinary 
iciently 

airly 
with a 
id with 


ing to 
ind the 
ra phite 
y. In 
snerally 








=r than 


r direct 
e silica 
ntonite 
uilt up 
on of a 
ent. of 
in. the 
isual to 
t. heap 
1, 


cereal 
ombats 
crumb- 

sands 
1intain- 
indesir- 
jualities 
nes eX- 
dust. 


hanical 
) grain 
Sand 
it of 
yf sand 
e shop. 
s about 
y silica 
acing 
The 
s Te 
after 








JunE 18, 1940 


Working Characteristics 
The sand mixture is not readily workable for 


hand ramming of moulds. All moulds made of 
this sand are rammed with an air rammer. The 
sand mixture is rather sticky, and difficulty at 
first was experienced in withdrawing the pattern, 
but this was overcome by spraying the pattern 





with a light fuel-oil before the mould was 

rammed. 

TaBLeE 1.—Comparison of Mechanical Analyses of New 

Silica, Facing and Heap Sands. : 
Retained New silica, | Facing sand,| Heap sand, 

on. { percent. per cent. per cent. 
Mesh. 

No. 6 Nil Nil Nil 

No. 12 = Nil Nil Nil 

No. 20 o* > 2.9 2.6 

No. 30 re. 21.5 17.6 14.1 

No. 40 - 27.6 21.6 19.4 

No. 50 os 25.6 14.8 16.5 

No. 70 ei 14.1 11.4 | 13.2 

No. 100 on 6.1 8.4 } 10.4 

No. 140 a 1.4 4.5 3.6 

No. 200 af 0.3 3.2 j 3.4 

No.270... 0.2 2.2 2.1 

Pan - 0.5 3.5 4.3 


Notwithstanding the coarse grade of sand 
used, a very fine surface is obtained on cast- 
ings when the mould surface is protected by a 
wash of the following mixture applied by 
air-spray before the moulds are dried : —— 


Plumbago 15 quarts. 
Glutrine 1 quart. 
Diluted with water to 24 deg. Be. 


Strainer cores perform the very important 
function of providing clean metal to the moulds 
and are used in the top of the feeding heads. 
These cores are made of a strong oil-sand mix- 
ture and in standard diameters ranging from 2 
to 10 in. They vary in thickness from 4} to 
4 in. as the diameter of the core increases. 
The number and size of the holes in the strainer 
cores vary according to the job, generally from 
4 to 12 holes of 4 to 4 in. diameter being 
used. Except when it is required to avoid 
striking a centrally-located core, the gate holes 





PuMP CASTING 


FIG. 7.—REFRIGERATION 


With “ BotTLe” FEEDING HEaDs. 
are arranged near the centre of the strainer 
core. Care is exercised in all cases to avoid 
Meta! striking directly on the protruding sand 
sect 


1 at the riser-casting junction. 
f the past two years, direct riser pouring 


has Seen successfully adapted to Sandslinger 
mou'‘ing and much of the work previously 
made in dry sand has been transferred to the 
Sand jinger. The sand mixture, both heap sand 
and .acing sand, used for Sandslinger practice, 
; \cntical with that described for dry-sand 
not 


ing, with the exception of moisture con- 
lent. which is controlled in this case between 
6 per cent. 
portable 


4a 
With a 


All this work is skin-dried 
fuel-oil torch. It should 
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be noted here that, owing to restrictions of 
space and sand handling and preparing equip- 
ment, the amount of bentonite used is rather 
larger than would be necessary without these 
limitations. 
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high-tensile nickel-chromium iron using two 
bottle-design direct-pour heads. Steel ingot 
moulds have been produced satisfactorily in 
like manner. Fig. 9 shows a valve section in 
iron, and Fig. 10 large 


high-tensile alloyed 





Fic. 6.—SLUDGE 


Figs. 1 to 13 will serve to give a fair idea 
of the method of application of direct head 
pouring methods and to exemplify the variety 
of designs for which it has been found useful. 
A brief description of each follows :— 

Fig. 1 illustrates the bottom parts of moulds 
for the dies of Figs. 3 and 4. The vents 
appearing at one end of each mould are not to 
be mistaken for ingates. Fig. 2 shows the 
closed moulds for the same dies with strainer 
cores in place, and Fig. 3 the dies before 
fettling. 

Fig. 4 illustrates a group of feeding head- 
poured dies of high-tensile nicke!-chromium 
iron having a tensile strength of 25 tons per 
sq. in. The Brinell hardness number of the 
1.2-in. dia. transverse bar was 278, while that 
of the die sections varied only from 269 
to 278 on any part of the 4- to 6-in. cros3- 
section of these dies, indicating a very satis- 
factory density throughout the casting. Inci- 
dentally, the surface of these dies was obtained 
suitable for easy file-finishing as-cast, demon- 
strating the adequacy of moulding technique 
and materials. 





MaDE IN Ni-Cr 
Cast IRON Usinc “ BotTrLe”’ Direct-Pour 
HEaDs. 


Fic. 8.—Two-Ton BUSHING 


Fig. 5 illustrates the method used to produce 
a coil-wire annealing pot in a_heat-resisting 
nickel-chromium cast iron. It is also typical 
of the procedure for moderate wall-size bush- 
ings. Fig. 6 shows a group of direct-head 
poured sludge pump parts in Ni-Hard (mar- 
tensitic white iron), and Fig. 7 a refrigeration 
pump that had been a constant source of heavy 
loss due to leakers when gated by other 
methods. The internal design is complicated 
with abrupt changes of section. The direct- 
pour heads admit metal dropping directly on 
the complicated oil-sand core, which adequately 
resists this severity. 

Fig. 8 is a two-ton bushing with 6-in. wall in 


Pump CASTINGS IN NI-HArRD. 


gears in high-tensile iron, using unmodified 
bottle heads for casting. Fig. 11 shows some 
oil refinery castings in “ Ni-Resist ” (austenitic 
nickel-copper-chromium cast iron); Fig. 12 a 
group of solid and cored bushings in Monel 
metal; and Fig. 13 a commercially-pure nickel 
pump-casing, direct-head poured; the small im- 
peller at the left has conventional gating. 

In utilising these methods of direct pouring 
into feeding heads over a four-year period, some 
limitations in their applicability have, naturally, 
come to light in various forms and degrees. 
The more important of these limitations are 
described and some notes of caution included, 
based on personal experiences. 





IN HiGH-Duty 
ALLoy IRON. 


Fic. 9.—VALVE SECTION 


An attempt was made to produce the Monel 
centrifuge casting illustrated in Figs. 14 to 17, 
by means of a single direct-poured feeding head 
on the hub. The casting was of difficult design 
and dimensions and the result, by this method, 
was serious cracking in one arm and outer 
section, caused by too long maintenance of high 
temperature in the hub by the pouring head. 

The authors were recommended, from an out- 
side source, to mould the centrifuge as shown 
in Fig. 14, with the hub extension down in the 
drag and surrounded with external chills. Chills 
also were to be placed under the outside rim. 
A separate gate entering the hub was to be used, 
the remains of which are visible in the picture. 
Between the arms a loose mixture of sawdust, 
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sand, and ashes was rammed and as soon as 
it was deemed safe after pouring, the cope was 
lifted and the hub and arms freed. However, 
the result was very similar to that of the first 
effort in regard to strain cracks. 

Following this experience, it was decided to 
adopt a rather radical procedure for a third trial. 
It is thought that this procedure, in view of the 
result obtained, may be of interest and assis- 
tance to others faced with a similar problem. 
A skeleton insert of the design shown at the 
bottom of Fig. 15 was cast in Monel. The 
mould for the main casting was designed with 
gating shown in the two upper sketches of 
Fig. 15. The skeleton, after thorough cleaning 
by sand blasting, was placed in the mould as 
indicated in the diagram, the extensions on 
the bottom and arms of the insert being firmly 
bedded in the main sand mould. 

The relative section sizes were such as to leave 





10.—LarRGE GEARS MADE IN HiIGH- 
TENSILE Cast IRON WITH “ BoTTLE” 
HEaDs. 


Fic. 


at least from } to | in. between the insert and 
every part of the adjacent mould wall and core, 
with the exception of the supporting points. It 
was considered that the insert would so func- 
tion as to accelerate cooling in its locality, that 
it would either completely melt into the mass 
of molten Monel or, on the other hand, if it 
retained its form, would act as a reinforcement 
against possible, though doubtless lessened, con- 
traction strains in the arms. 

The casting so produced was apparently per- 
fectly sound and satisfactory. As will be seen, 
the only points at which an examination of the 
effects of the inserts was possible were the sup- 





Fic. 13.—Pump CasinG MADE 


CIALLY-PURE NICKEL. 


IN COMMER- 


porting prints in the hub and on each arm. 
Figs. 16 and 17 show this casting before clean- 
ing, and the protruding ends of the insert are 
visible. Each protrusion was examined 
minutely; chipping, grinding, filing and subse- 
quent machining failed to reveal the outline of 
the insert below the surface so treated. 

The use of internal chills has been criticised 
by some authorities; Batty,’ for example, refers 
to their being “ potentially dangerous as iso- 
lated foreign bodies in what should be a homo- 
geneous structure.” The authors do not agree 
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wholeheartedly with this view, believing that, 
in common with many other foundry pro- 
cedures, their usefulness depends on the judg- 
ment used in proportioning. Relation between 
the dimensions and bulk of the parts carrying 
the internal chill, and those of the chill itself, 
must be carefully considered, as well as the 
location of gates and requisite pouring tempera- 
ture of the metal to come into contact with the 
chills. Too large a chill, in proportion to the 
size of the casting section, will certainly result 
in a dangerously heterogeneous structure; on 
the other hand, one too small will be ineffec- 
tive for its purpose. 


Turbine Castings 


Figs. 18 and 19 show two designs of turbine 
castings, made in a 4 per cent. silicon bronze, 
that were successfully produced by direct top 
pouring through feeding heads, without the use 





Fic. 11.—Omt-REFINERY CASTINGS IN NI- 


RESIST IRON. 


of internal chills. Figs. 20 and 21 show one 
of a design in a similar alloy that was not 
successfully made by this method, owing to ex- 
cessive temperature in the locality of the pour- 
ing heads resulting in cracking of the blades. 
For this particular pattern, silicon-bronze in- 
ternal chills were cast and inserted in the cores, 
forming the central heavy ring section as illus- 





Fic. 14.—WronG METHOD OF MOULDING A 
MONEL CENTRIFUGE CASTING. 


trated in Figs. 22 and 23. Fig. 22 shows the 
upper core (which should be viewed inverted), 
while Fig. 23 is a half core of the complemen- 
tary underside of the central heavy ring. The 
casting was gated as shown—the metal first 
entering at the bottom of the casting at a num- 
ber of points and, subsequently, entering the top- 
ring-section through separate branch gates to 
ensure ample temperature of the metal encoun- 
tering the internal chills. Protruding points of 
some of the internal chills are visible in. the 
inner ring of Fig. 21. The initial pouring tem- 


> 
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perature was 1,150 deg. C., while for direc top 
pouring without chills the pouring temper. ture 
was about 1,090 deg. C. 

With regard to strainer cores, it is n:: as 
efficient to use a single relatively large hc = to 
clean the metal stream as to use a sufii-ient 
number of small holes of approximately the 
dimensions recommended earlier in this P..per. 
There is too much tendency for a single ‘urge 
hole to form a vortex into which slag and dirt 
may be drawn, particularly when the metal :. on 
the hot side and very fluid. In an emergeacy, 
where metal is so cold as to freeze and biock 
the small holes of the strainer, it may be ncces- 
sary to enlarge the holes for the time being, 
but melting practice should be remedied to over- 
come the difficulty, rather than to make the use 
of large holies in the strainer standard practice. 

Indirect-filled feeding heads should not be 





Fic. 12.—SoLip AND CORED BUSHINGS IN 


MONEL METAL. 





15—THE Two UPPER SKETCHES SHOW 
THE GATING SYSTEM ADOPTED. BELOW IS 
A MONEL METAL SKELETON INSERT. 


Fic. 


used in close proximity to direct-filled feeding 
heads. It is frequently necessary to use indirect 
filled heads to feed sections isolated from the 
direct-poured heads by thinner sections. If, 


however, both kinds of heads are used on the 
same heavy section there is a tendency fo: the 
indirect-filled heads to be themselves fed :ound 
at the expense of the casting section. For 
example, the outer ring of the turbine in F's. 19 
is separated by a relatively light section ‘rom 
the inner ring carrying the direct-filled a 


and is served by indirect-filled feeders. ‘ 
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other hand, the heads of a Ni-Hard dredge pump 
liner in Fig. 6 were all directly filled by two 
nearly semi-circular pouring basins. The 
temptation to cut down the size of the pouring 
basins, allowing two or more of the heads to 





16.—SHOWING THE CENTRIFUGE CASTING 
MADE BY CHANGING GATING METHOD. 


Fic. 


be indirectly filled would -result, experience has 
shown, in shrinkage from the castings into the 
heads and a worse condition in the casting 
than if the fewer direct-filled heads only were 
used. 


Non-Ferrous Applications 


Light aluminium alloys have not been success- 
fully produced by these methods owing to their 
tendency to occlude mould gases and trap oxide 
dross. Manganese and aluminium bronzes are 
not satisfactorily handled by these methods 
owing to extreme drossing at the pouring tem- 





Fic. 19.—ANOTHER TURBINE CASTING MADE 
Like Fic. 18. IN BotH Cases, No 
INTERNAL CHILLS WERE USED. 

peratt The high zinc alloys (including nickel 
silvers) not containing aluminium were satis- 


factori!y so produced, as also the silicon bronze. 








Fic. 22.—CorE FOR THE SILICON-BRONZE 
CASTING SHOWN IN Fic. 20. 
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For alloys of moderate liquid shrinkage and large weak crystal zones and porosity. 
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Soft 


relatively long freezing range, there is usually grey irons of high silicon and total carbon 
not much to be gained by direct pouring content should not, in any event, be used for 


through feeding heads. 





Fic. 17.—MoONEL METAL CENTRIFUGE CASTING 
SUCCESSFULLY MADE. 


those carrying appreciable quantities of lead or 
phosphorus, are more liable to segregation, par- 
ticularly if poured too hot. Even with some 
of the more suitable alloys, particularly a com- 
plex alloy such as nickel silver, too high a 
pouring temperature will result in segregation, 





Fic. 20.—A CasTING WHICH Does Not LEND 
ITSELF TO DirReEcT POUR AND INTERNAL 
CHILLS WERE USED. 





Fic. 23.—SETTING OF THE MONEL METAL 
INTERNAL CHILLS IN HALF-CorE. 


Tin bronzes, especially castings of heavy section, but when direct-poured 





Fic. 18.—TurRBINE CASTING MADE IN SILICON 
Bronze With  ODirect-Pour FEEDING 


Heap. 





Fic. 20. 


Fic. 21.—THE CASTING SHOWN 
NOTE THE PROTRUDING INTERNAL CHILLS. 


IN 


through feeding heads they are increasingly 
liable to porosity due to coarse graphitisation 
and tendency to kish formation. 

Conclusions 

It will be gathered from the above description 
that the authors believed that there was room 
for research into moulding and gating practices 
for the purpose of keeping in step with progress 
in metallurgical developments. The ever- 
increasing diversity of casting designs and 
special characteristics of various high-duty alloys 
developed and being developed makes unreason- 
able the horizontal continuance of production 
methods good enough in times past for alloys 
contemporary with those times. 

In consideration of the fact that such methods 
of introducing molten metal into moulds as 
those herein described have been, generally 
speaking, universally avoided, the illustrations 
included purposely consist mainly of photo- 
graphs taken from routine production in the 
foundry with which the authors are associated. 

(Continued on page 448.) 
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Gas in Liquid Cast Iron 
(Continued from page 442.) 


what effect, if any, this had on the volume 
and analysis of the dissolved gases. The pro- 
cedure used was to take a ladle of metal direct 
from the furnace for gas volume measurement 
and then, for comparison, place steel turnings 
in the bottom of the next ladle and tap the 
metal on this, and after this was dissolved to 
make a volume measurement. In order to 
eliminate any variables from one day to the 
other a number of volume measurements was 
made on the same day and alternately with the 
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reduced, in the case of low initial content, by 
about 30 per cent., and in the case of high 
initial gas content by 54 per cent., as shown in 
the examples. 

The effect of steel-turning additions on the 
composition of the gas in solution is shown in 
the examples in Table VI and seems to confirm 
the conclusion already reached, namely, that 
no very definite chemical selection takes place 
in the removal process. The solution of steel 
in cast iron probably disturbs gas equilibrium 
conditions, resulting in the liberation of a 
quantity of gas of mixed composition. 

The fractional boiling off, that is the separa- 
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Table VII. It is uncertain whether the gas 
elimination .has contributed to the chan;. in 
strength, and it must be understood that <> al] 
variations of elements such as silicon, sui: hur 
and manganese may produce variation: in 
strength of sufficient magnitude to mask the 
effects being measured. 

It has been suggested that a certain qua. tity 
of dissolved gas might retard or control the 
shrinkage of cast iron. In order to test this 
point a number of casting tests were made on 
a standard pattern to cast blocks 8 in. by ¢ in. 
by 4 in. with a cut in the gate at one end arda 
riser taken off through a cut gate at the other 


TasLe VI.—Influence of Steel Additions on the Composition of the Gas from the Metal. 


| Blast 






































| Temp. Metal composition. | Gas analysis. | 
Time. press. range. — Remarks. 
Ozs. Deg.C. | T.C. | Si. | Mn. | S. | P. | co, | 0, | co | H, | CH, | N, | 
| | | 
4.40 | 15.5 | 1210-1150 | 3.20 | 1.84 | 1.07 10.107 |0.417 0.5| 0.5 | 18.2| 7.1 | Nil | 73.7 | As tapped 
4.45 | 1 | 1170-1110 | 3.26} 2.11 | 0.82 |0.098/0.43 | 0.1 | 0.7 | 20.0 | Nil | 19.7 | 58.5 | 4 per cent. steel turnings 
TaBLe VIII.—Brinell Hardness Readings on Untreated Metal and with Scale Additions. 
Casting : Metal analysis. =4 _ 
temp. Brinell hardness. | Remarks. 
Deg. C T.C. | Si. | Mn. P. 
1250 168 | 196 179 | 89 | 187 | 202 207 3.35 | 1.78 | 0.86 0.103 | 0.49 | Untreated 
1220 202 | 179 159 | 74 | 179 | 192 207 3.29 | 1.91 | 0.905 | 0.094 | 0.525 1} Ibs. scale to 2 cwt. metal added 
1200 202 192 ee ae ee ae a ae ee | 0.083 0.49 Untreated 
1200 207 196 170 | 68 | 163 | 179 202 | 3.26 1.97 | 0.96 0.088 | 0.51 1} Ibs. scale to 2 cwt. metal added 
1220 207 187 170 | 68 166 | 179 202 | 3.10 | 2.17 | 1.11 0.084 0.47 Untreated 
1190 207 187 | 163 Ez 68 159 | 187 207 | 3.08 2.30 | I 0.089 0.45 1} Ibs. scale to 2 cwt. metal added 





steel additions and “as tapped” whilst record- 
ing the blast pressure in the wind belt. The last 
reading of this pressure set out in Table V shows 
that a larger volume was being taken by the 
cupola, and this might tend to increase the quan- 
tity of dissolved gases. Graphs of temperature 
and time and temperature and rate of evolution 
were made as in all other cases, and these show 
very clearly the considerable reduction in gas 
content brought about by the steel addition; but 
these graphs are not reproduced, as a large num- 
ber of graphs would overload the printed Paper. 
The figures included in Table V, however, 
prove the case clearly. 

The conclusion is that the gas content is 


Gating and Feeding Methods 
(Continued from page 447.) 


These, it is assumed, will appear more con- 
vincing and informative to the practical 
foundryman than would mere diagrammatical 
illustrations of what might be thought an 
abstract theory. The number of illustrations 
included, while being more than enough to 
illustrate the method of application, may be 
excused on the ground that they serve 
to convey an idea of the extent in number and 
variety of designs for which the methods have 
been found useful. 

It is not meant to imply that direct feeding 
head pouring is uniformly applicable to all 
designs other than the exceptions discussed; for 
many castings, particularly those having no 
complications in sectional design, it is freely 
admitted, and indeed emphasised, that the more 
ordinary gating methods are adequate and more 
economical. Nevertheless, a large proportion 
of the varied designs passing through the 
foundry have most profitably been adapted to 
this method of production, and the resultant 
castings have, in many instances, shattered 
standing records of service life. Therefore, it 
is hoped that the information contained in this 
Paper will be of interest to foundrymen gener- 
ally and a stimulus to further investigation into 
methods directed toward the still greater 
prestige of foundry products. 
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tion of one gas before 
observed so far, but the point might require 
more careful and extended tests. Whether or 
not it would lead to any useful conclusions, or 
have any bearing on the elimination of gas de- 
fects in practice, is doubtful. 

An addition of steel would be expected to 
alter the. physical properties of the iron and 
probably to some extent the microstructure 
(Table VII). Some transverse bars cast from 
metal with and without steel addition show, 
where the analyses before and after are substan- 
tially the same, an increase in strength of about 
5 per cent. for a 4 per cent. addition of steel 
to an iron of the composition shown in 
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Iron and Steel Works 
Equipment Export Group 


The manufacturers of rolling mill, hydraulic and 
blast-furnace plant and auxiliary machinery have 
formed an Export Group for the purpose of fos- 
tering and maintaining export trade and to ensure 
supplies of raw material to enable them to fulfil 


export orders as far as 
present conditions. 


Membership of the group is open to all manu- 


“Some Considerations in Gating and Pouring and £6,024,995 non-fatal). 


Trans- 


the other, has not been end. No risers were used for the purpose of 


feeding the casting. These blocks were cut 
through the centre and polished for Brinell 
measurements diagonally across the centre 
section. 

Table VIII gives the results of tests made on 
blocks cast as tapped, and degasified by scale 
addition. As is shown in the table, the tendency 
to porosity is not increased by degasification 
and from similar experiments there is no reason 
to support the idea that dissolved gas in any 
way influences porosity or shrinkage. 

The author wishes to thank John Lang & Sons 
for permission to place the results of these in- 
vestigations before the Institute. 


Workmen’s Compensation 
Awards: 


Returns on working men’s compensation for 1938, 
published by the Home Office, show that there 
were 459,223 cases (2,498 fatal and 456,725 non- 
fatal) in the seven principal groups of industries 
from which returns were required from employers— 


“The Making of Castings Without Feeding mines, quarries, railways, factories, docks, construc- 


tional work, and shipping. The total amount of 
compensation paid was £6,765,067 (£740,072 fatal 
In the previous year 
there were 488,865 cases (2,370 fatal and 486,495 
non-fatal), and the amount of compensation was 
£6,639,524 (£668,564 fatal and £5,970,960 non- 
fatal). The number of persons employed in the 
seven industries was 7,860,501, compared with 
7,959,063 in 1937. Average amounts of compensa- 
tion in 1938 were—Fatal £296, disablement £13 4s.. 
lump sums £111, weekly payments £8 7s. The 
percentage of cases of compensation to persons 
employed were shipping 5.71, factories 3.72, docks 
9.66, mines 22.05, quarries 10.29, constructional 
work 4.77, and railways 4.45. The proportion of 
compensation paid in fatal cases was 10.9 of the 
total amount, and in different industries the per- 


that is possible under centages were shipping 25.6, factories 7.6, docks 


8.0, mines 11.4, quarries 16.3, constructional! work 
10.1, and railways 25.0. 


facturers of the plant and machinery described, 
including manufacturers of hydraulic pumps ex- ace : 

ceeding a pressure of 500 Ibs. per sq. in. and TueE following officers were elected at the recent 
working on an enclosed circuit. The chairman of annual meeting of the Birmingham Metall: rgical 
the group is Mr. Wm. Kilpatrick, of Davy & Society:—President, Mr. C. H. H. Franklin: vice- 
United Engineering Company, Limited, Sheffield, presidents, Mr. C. O. Wagner, Dr. Maurice Cook, 
and manufacturers wishing to become members Mr. D. Llewellyn and Mr. L. W. Law; honorary 








should write to the secretaries, Peat, Marwick, treasurer, Mr. A. C. Craig; Council, Dr. T. Wright, 
Mitchell & Company, York Mansion, 94-98, Petty Messrs. W. E. Ballard, F. H. Neal and S. J 
Collett. 


France, Westminster, S.W.1. 
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Electro-Plating Practices for Zinc Alloy 
Die-Castings 
By E. E. HALLS 


During recent years much work has been automatic machine components—gears, frames; be little point to applying zinc or cadmium to 
done with the object of perfecting zinc-base domestic appliances, bathroom fittings, furniture zinc, j 
die-castings, and success has been achieved. locks and handles, clock frames, vacuum-cleaner Consideration of the electro-plating of zinc 
This applies to several aspects, viz., the de- components, ornaments; electrical fittings—in alloy castings can conveniently be dealt with 
velopment of a range of useful alloys, the telephones and telephone exchange apparatus, under the sections, main cleaning, polishing, 
establishment of their properties with exacti- signalling and remote control systems as well preparatory cleaning, plating and after-washing. 
tude and in great detail (including the much as in household fitments; these are typical of These will be discussed in order. 
feared “ ageing” or stability feature), the deter- the fields covered. The sphere will be widened, ; 
mination of the best technique in casting (in- more especially now that the national emerg- Main Cleaning 
cluding machine design) and the discovery of ency conditions have placed such heavy ‘he object of this is to remove relatively 
durable enamel or electro-plate finishes. In demands on aluminium. heavy contamination, which usually consists of 
America, zine alloys are truly and firmly estab- The latter feature demands special thought. jybricating oils and greases from machining 
lished, and have been for many years, as a Many users of aluminium die-castings will NOW operations, and of swarf. Trichlorethylene 
sound proposition and are chosen whenever automatically turn over to zinc. Let this not solvent degreasing suffices for this in practically 
suitable in preference to aluminium alloys and be an action in despair with the thought that jj cases, a liquor or liquor-vapour type of plant 
often rather than moulded plastics. Chief rea- an evil can no longer be avoided. Sound choice pbejng necessary. 
sons for their popularity are accuracy and re- must be made, and zinc alloys purchased to ae bed 
producibility. The relatively low casting tem- specification with established test methods Polishing or Grinding 
perature (of the order of 400 to 430 deg. C. applied to prove their efficiency. Only thus can According to the application for which they 
as against 630 to 650 deg. C.) accounts for satisfaction be achieved; in numerous cases are destined, castings may require high polish, 
this. It minimises shrinkage, and distortion due Zinc alloys will be retained as better suiting all or some degree of scurfing for the removal of 
to erratic shrinkage, but of even greater import- the conditions obtaining. major imperfections, or may receive no such 
ance, it reduces solution attack on the dies. Need for Protective Finishes mechanical preparation. All mopping and 
Better constancy of dimensions is_ therefore polishing should be as light as possible in order 
possible, longer runs before dies have to be to remove as little as practicable of the 
renewed (five to ten times the number of cast- naturally harder die-cast skin. A typical prac- 
ings as compared with aluminium), and better tice is first to treat on a felt emery bob, using 
surface finish due to the slower erosion on die 200-grain emery secured in the usual way with 
ourfaces. an aqueous glue. The second treatment utilises 

There are no technical drawbacks to the zinc best-grade tripoli compound on a calico mop. 
alloys, but it is not suggested that they are Finally, a greaseless treatment is applied, using 
universally acceptable. They lack the lightness a soft, clean mop. Peripheral speeds of 7,000 
characteristic of the magnesium and aluminium to 10,000 ft. per minute can be employed. 
light alloys; they lack the “finish” of the ay — to porn nae ie pressures, to 
plastics; and they have not the bearing proper- . avoid occluding compound in crevices or 
ties of the babbits. In this country much re- SS re ee ye Ae pockets, and to finish as grease-free as prac- 
servation is still exhibited, because of the ~ Pnish ticable. The point always to bear in mind is 
twenty-year-old failures due to swelling and P a that after mechanical preparation perfect clean- 
cracking exhibited by incorrectly compounded ing has to be achieved for sound plating, and 
alloys. There exist now, however, no grounds vigorous alkaline cleaning to emulsify greases or 
for such doubts, because not only have the to remove firmly-held solid matter is out of 
causes of these faults been established, but the question owing to the reactivity of zinc. 
properly compounded alloys die-cast under cor- For this reason main cleaning is performed 
rectly controlled conditions have been in ser- first, mechanical preparation is done with due 
vice under observation in critical automatic care and attention, and this is followed by a 
mechanisms for many years. These field trials specially designed and controlled clean in the 
are still going on under varied service condi- plating line. 
tions in many parts of America. No failures 


Zinc, as is well known, is a highly reactive 
element, and in consequence deteriorates super- 
ficially, at least as far as appearance is con- 
cerned. In normal atmospheres it becomes dull 
and may acquire slight dirty-white corrosion 
products. In highly-corrosive marine or indus- 
trial atmospheres white reaction compounds 
gradually appear. For many purposes this is 
of no consequence. In the majority of cases 
a finish coating is desirable for dual protection 
and artistic reasons. Lacquers, paints and 


New metals and alloys passed to the electro- 
plating department should always be preceded 
by consideration of their reaction to established 
processes and methods. Zinc alloys are no ex- 
ception to this rule, and, in fact, entail special 
attention. It is stressed from the outset, how- 
ever, that the electro-plating of zinc-base die- 
castings presents no real difficulties and involves 
no technique new to the finishing shop. This 
applies to all phases, precleaning, polishing and 


. : atin : iari : . . . ‘ 
have been recorded, and no deteriorations from pl yA st in , bee “eor"d sn omnes wee Cisaning eer t Plating 
cracking, laminating or dimensional change 2!"° originates with its high reactivity with Several schemes are satisfactory, and the fol- 
effected. chemical solutions, and this has to be taken lowing has proved in practice to be one of the 


: : . . into account at all stages. Alkaline degreasers best. After racking, jigging or wiring up, the 
agg naa — oS ae must not be too caustic, acid etches require con- work is passed ioamek on ~ Bh mn ea 
Timek” te tee on eon bay eae trol with respect to time, temperature and treatment. The solution for the former con- 
ee ae giste : . concentration. Work must be handled through sists of 44 oz. tri-sodium phosphate and 14 oz 
corresponding commercial series of American : — : 


” ‘ . lating solutions with precaution to avoid sodi silice 

zine allov “ ” piatin, : sodium metasilicate per gallon of water. It 
in thie pte “<i Pa the -_— chemical reaction between electrolytes and base is operated hot at 190 to 200 deg. F.,, 
Page: ry. € fact that several alloys, metal before electro-deposition occurs. electrolytically with work as cathode, and 
and not simply one, are offered, is to accom- 7 


As _ bape " = A es gn utilising iron anodes. Current density is 
ieee ive : - - Or protective and artistic, either nickel or adjusted to 10 amps. per sq. ft. of work sur- 
sertien ‘ uiae of es, tae Gee chromium is the logical choice. These finishes face. Cleaning time eid to a mini- 
Silics came Uaiias enmik anne ak aaa have to provide a continuous “blanket” to mum, with two minutes at the outside. The 
ieeecatene: in Presse on St ~ “ isolate the base metal from the atmosphere, work is then immediately submerged in cold, 
negligible. In all, the extent of anaemia has on oe * Oe St ae cum imting mains water, and then transferred to 
io mniiiie pl ans HR eretensgge the corrosive agents, or from condensed moisture. the acid treatment. This uses dilute sulphuric 
stablis estuacdmenaian Wanes teaee pte Nickel can quite well fulfil this réle, with the acid, immersion time again being controlled to 
Siler. « dukes dae te indie: teats: tence only shortcoming that it normally becomes dull a minimum, with 30 seconds regarded as the 
Gheracteristics to suit eneatl q g and yellowish. Chromium (which in practice maximum. The acid solution is used cold. and 
It specific needs, is a flash of chromium over an underlay of its concentration can range from 5 to 8 per 

_— nickel) goes a long way towards maintaining cent. of sulphuric acid by volume. The higher 
ae ny eo leis ’ perfect appearance. Obviously, thickness of concentrations are satisfactory for copper-free 
Pe Mes ys have been emp oye for small coating is one of the chief criteria. Zinc and zinc alloys, whereas for copper-containing cast- 
deen < — of simple and complex cadmium are employed, but their choice is ings the lower strength is to be preferred as 
a hin Rs 4 thick sections. Automobile somewhat illogical as they provide the “sacri- the higher one tends to produce black films. 
cane a - handles, mascots, filler ficial types of coating, that is, themselves cor- After acid treatment a thorough wash in flow- 
boii; ip sticks, fan pulleys, shock-absorber roding instead of the base material becoming ing cold water follows, and then immediate 
“Ss imstrument housings, carburettor parts; attacked, and for this to occur there seems to transference to the plating vats. 


modate facility in die-casting and at the same 
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Alternatives employed for the electro-alkaline 
clean are:— 


(a) Tri-sodium phosphate . . . 202. 
Sodium metasilicate  .. ~—  S 
Water... ae a -+ 1 gallon. 
pu value maintained at . 11 to 12. 
Temperature - -- 190 to 200 deg. F. 
Voltage .. : “an . 7 to 9 volts. 

(6) Tri-sodium phosphate .. . 6 oz. 
Water .. Se % -. 1 gallon. 
Temperature .. “y .. 200 to 220 deg. F. 


In all cases work must be loaded into the 
cleaner with the voltage on. 

Alternatives for the acid solutions are :— 

(a) Hydrochloric acid, 5 to 10 per cent. by 
volume, used cold; immersion time not beyond 
that at which matting becomes apparent. 

(b) Hydrofiuoric acid, 2 per cent. by volume, 
used cold till gassing occurs. This gives the 
best results in practice from the points of view 
of smoothness and freedom from darkening. 
It is not usually adopted on account of the 
dangerous burns liable to be acquired without 
the operator appreciating contamination till 
some hours later. 

Care must be exercised to ensure thorough 
water washing for the avoidance of spoilage of 
plating solutions from acid carry-over. Alert- 
ness in cleaning processes is especially stressed 
to ensure that minimum immersion times are 
rigorously employed. This is on account of the 
reactive nature of zinc, the tendency for it to 
over-etch or to become covered with dark films. 
Thus in the acid treatment, removal is effected 
as gassing commences, just as faint discolora- 
tion sets in, and well before darkening occurs. 


Electro-Plating Proper 


Success at this stage is determined by the 
plating adjacent to the zinc casting being cor- 
rect. The zinc must be chemically clean, with 
no extraneous films or inclusions, and must not 
form anything of this nature in the plating vat 
as the work is loaded and as the first deposi- 
tion occurs. This condition is attained by appro- 
priate selection of electrolyte, and its subse- 
quent correct maintenance. 

In practice, there are broadly two procedures 
in favour, one being direct nickel-plating, the 
other nickelling over a copper underlay. This 
statement applies to any plating, because where 
chromium is entailed it is applied over nickel; 
if zinc or cadmium is required, the same 
applies; if copper is necessary for oxidised 
finishes, it likewise can be applied over nickel, 
or over the special copper underlay, or even 
comprise the latter itself if made sufficiently 
heavy. 


Direct Nickel 


The desired end has been found to be satis- 
factorily attained in practice by “loading” the 
electrolyte with sodium or magnesium sulphate 
in order to suppress dissociation of the nickel 


sulphate. A sound procedure is briefly sum- 
marised below :— 
Electrolyte : 
Single nickel salts. . . 12 o2. 
Sodium sulphate crystals 32 ,, 
Ammonium chloride oe. ae 
Boric acid .. : : 1},, 
Water Pe .. 1 gallon. 
Temperature . . a . 70 to 80 deg. F. 
pu value maintained at 5.8 to 6.2. 
Current density .. 10 to 20 amps. per sq. ft. 
Voltage 4 .. 1} to 2 volts. 
Anodes . Depolarised nickel. 


Air agitation advocated. 


A few practical notes should prove useful. 
Regarding the sodium sulphate addition, note 
the amount specified refers to the crystalline 
form and not the anhydrous grades. If recesses 
are absent and large flat surfaces not involved, 
somewhat lower sodium sulphate content can 
be tolerated; with deep recesses rather more 
can be used. If temperature is too low, the 
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plating may be too hard, with a tendency to 
exhibit cracks, blistering or flaking. Tempera- 
tures excessively high promote blackening in 
recesses. Regarding current density, the higher 
values are satisfactory for simpler shapes and 
work that can be accurately jigged and racked. 
For small, miscellaneous work, especially that 
light in mass and irregular in shape, the 10- 
ampere figure is strongly advocated. 

Contacts between busbars and hooks or racks, 
and between wires or racks and work must be 
positive. Otherwise some articles fail to con- 
duct and react electrochemically, rapidly ruin- 
ing the solution by the dissolution of zinc. 
Zinc in the electrolyte in small quantities pro- 
motes embrittlement, as well as causing grey 
streakiness in the nickel-plating. Anodes should 
be bagged for minimising contamination of the 
solution with solid particles; filtration should 
be regularly employed, continuously in large 
plants. 

Thorough cold- and hot-water washing must 
follow. Nickel coatings may solely be deposited 
from this type of bath, or a continuous reason- 
ably thick film applied, and deposition com- 
pleted from one of the orthodox hot nickel 
solutions. In this case, work must not be 
allowed to dry off, even partially, during trans- 
fer from one plating plant to the next. The 
same, of course, applies to other metal platings, 
except in cases where colouring-up by mop 
between nickel and final chromium is resorted 
to, although the incorporation of a_ bright 
nickel-plating stage should eliminate the need 
for this. 


Copper-Nickel 


For a long period many platers have favoured 
a duplex finish of copper-nickel to the single 
layer direct nickel. For years it has been used 
with mixed success, and recent researches seem 
to have established that the orthodox copper- 
platings are too uncertain for guaranteed plat- 
ings. Normally, copper is deposited either 
from acid sulphate or from alkaline-cyanide 
solutions. The first group is entirely unsatisfac- 
tory for plating on zinc, due to immediate 
electrochemical action, with solution of zinc 


TABLE I.—Summary of Test Results on Various Electro- 
plated Zine Alloy Die-castings under Humidity Test. 























Sample | Electro-plate | Behaviour under humidity 
No. | finish. test conditions. 
1 Nickel .. .| Dulled and slightly yellow- 
‘ ish in 12 months, No cor- 
rosion whatsoever. 
2 | Copper-nickel .. Ditto. 
3 __| Nickel-chromium | Entirely unaffected in 12 
(matt). months. 
4 | Nickel-chromium Ditto. 
(polished). 
| 
5 | Brass ..| Appearance very poor, 





brass coating discoloured 
to a blackish hue, and 
heavy white corrosion 
patches in 1 month. 


and deposition of copper. The second group 
can give adherent deposits, and, therefore, 
cyanide solutions have been employed exten- 
sively. Troubles with copper-nickel coatings 
have been blistering and flaking, occurring 
sooner or later after plating or in service. Re- 
search showed that the copper coat tended to 
diffuse into the zinc, and if too thin merely 
left a loose nickel envelope. Coatings too thick 
gave similar trouble, and an intermediate thick- 
ness of copper of the order of 0.0003 in. be- 
came adopted with medium success. However, 
development work in recent years on copper- 
plating in general has established baths for high- 
speed copper-plating in which a portion of the 
alkali cyanide is replaced by Rochelle salt. The 
Rochelle salt bath gives excellent copper de- 
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posits on zinc-base die-castings, and this ele -tro- 
lyte alone should therefore be employe ~ in 
direct coppering. 

The author, who has carried out much 
on copper-cyanide solutions for zinc cas! 
and for all practicable ranges of compos: 
current density, plating times and voltages, 
has considered many methods of surface 
paration, has formed the conclusion that bl; 
ing is prone to occur. In many circumsta 
it happens during plating, in others withia a 
few hours of plating, and in others during «ub. 
sequent nickelling. No coatings were found 
that would withstand a simple heat test of * to 
4 hrs. at 100 to 110 deg. C. Quite the con- 
trary is the case with Rochelle salt copper de- 
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posits. Typical conditions for this are given 
below : — 
Electrolyte : 
Single copper cyanide 3 oz. 
Sodium cyanide oo 2 
Soda ash ae cP a 
Sodium potassium tartrate 
(Rochelle salt) .. — 
Water -. 1 gallon. 


pH value maintained between 11.6 and 12.2. 
Free cyanide maintained be- 
tween os -. $and 1 oz. per gal. 
Temperature . 130 to 140 deg. F. 
Current density 


Care should be exercised to keep up the 
tartrate composition, excess over the above 
value not being detrimental. Deposition is 
rapid, 25 amps. per sq. ft. being the average. 
Consequently an anode to cathode surface area 
ratio of 1.5 to 2.0 is advisable. 

Thorough water washing in cold and hot 
swills, and then a rinse in 5 per cent. cold sul- 
phuric acid, followed again by water washing, 
is required before transfer to the next plating 
without partial drying being allowed to occur. 

The nickel-plating after coppering can be 
applied from any proved good bath. Typical 
solutions are: — 


- 10 to 40 amps. per sq. ft. 











| 1 2. 3 

Single nickel salts .. 20 oz. 40 oz. 32 07. 
Ammonium chloride 4 oz. — | ~ 
Sodium chloride .. _— 4 oz. _ 
Nickel chloride... — — | 3 02. 
Boric acid .. ws 2 oz. 4 oz. 3 02. 
Water ne -.| 1 gallon | 1 gallon j 1 gallon. 
Temperature, deg. F.| 100 to 110 | 90 to 110 | 90 to 100 
puHvalue.. .-| 5.5/5.8 5.6/6.0 | 5.2/5.6 
Current density, 

amps. per sq. ft... 15/30 15/35 =| = 10/35 





“Bright” solutions are largely patented or 


proprietary. The popular type used in this 
country is as below: — 

Single nickel salts .. .. 32 oz. 

Cobalt sulphate si <a. ee 

Boric acid .. hin o. Se 

Nickel chloride as sn Bae 

Sodium formate  * * 

Water — Bs .. 1 gallon. 

Anodes Rs .- Depolarised nicke!, 

bagged. 
Temperature 


. 135 deg. F. 
pu value os Mae 
Current density . 40to 80 amps. per sq. ft. 
* The electrolyte must be kept scrupulously 
clean, and additions of cobalt sulphate and 
sodium formate are periodically required as 
shown by analysis. 


Chromium-Plating 
When no colouring of the nickel is required, 
work passes still thoroughly wet from the direct 
nickel or copper-nickel to the chrome solution. 
When such colouring of the nickel is resorted 
to, the electrolytic cathodic degrease and sul- 
phuric acid immersion treatments specified 


earlier as preparatory to plating must be fe 
peated. The chromium is a mere flash p!ating, 
two to four minutes in a normal type of plat 
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ing bath being all that is required. Typical 
data for this are given below: — 


Electrolyte : 


Chromic acid .. 40 oz. 
Sulphuric acid . 0.4 oz. 
Water - 1 gallon. 


-- 100 to 110 deg. F. 
. 75/110 amps. per sq. ft. 
Anodes Re .. Antimonial lead. 
Electrolyte control is by analysis. After-treat- 
ment is thorough water washing; colouring up 
js sometimes necessary. 


Temperature 
Current density 


General Considerations 


The above deals with the practical aspects of 
producing the logical finishes for zinc-base die- 
castings. When an attractive finish is required, 
viz, one that protects and beautifies, and re- 
tains its appearance during service exposure, 
polished chromium or matt chromium is the 
first consideration. Where only neat appearance 
and protection against whitening by corrosion 
are entailed, nickel is selected. The “ nickel” 
in each case can be direct nickel or copper 
(Rochelle bath)/nickel. In all cases, efficiency 
of plating is of paramount importance, but 
thickness of coating must be correct. This 
aspect is dealt with briefly below. 

Other platings are employed, typical being 
brass, black nickel and oxidised silver. Such 
platings become essential when castings are 
adopted in replacement of existing pressings or 
machined components where the finish on such 
items has to match with other articles mounted 


TasLe I1.—Summary of Test Results on Various Nickel- 
plated Zine Alloy Die-Castings under Salt-Spray Test. 





Sample | Electro-plate 
No. finish. 


1 Nickel 


Behaviour under salt- 
spray test conditions. 





.| Slight whitish corrosion 
evident in 1 day. General 
whitish corrosion in 6 
days. Fairly heavy 
whitish corrosion in 10 
days. Heavy whitish 
corrosion in 15 days. 








2 Copper-nickel ..| Slight whitish corrosion in 
1 day. Fairly heavy 
whitish corrosion in 6 
days. Heavy whitish cor- 

| rosion in 10 days. 





3 Nickel-chromium | General slight whitish cor- 





(matt). rosion in 10 days. Fairly 

heavy white corrosion in 

20 days. Rather heavy 

white corrosion in 30 days 

4 | Nickel-chromium | Progress of attack closely 


similar to that for sample 
No. 3, except extent of 
corrosion not quite so 
severe. 


(polished). 





on the same equipment. No difficulty exists in 
their production, and they are satisfactory if the 
right technique is followed. | However, the 
author considers that in all cases a blanket coat 
of nickel, either direct or copper-nickel, in 
accordance with the foregoing procedure, should 
be first applied. The desired plating or artistic 
finish can then follow immediately along the 
lines of orthodox plating practice. 

Much brass-plating is applied direct to zinc- 
base die-castings, but the practice is not com- 
mended. An ordinary cyanide brass-plating 
‘olution should be used and applied over direct 
nickel, copper-nickel or even over Rochelle bath 
copper. In this way the decorative value of 
brass is secured with the protective influence of 
ihe primary plating. Similarly, oxidised finishes 
of the china bronze and Florentine types should 
utilise the orthodox potassium sulphide blacken- 
Ing solutions either on the direct copper, or 
Preferably on direct nickel followed by a thin 
Copper. Likewise “black nickel” finishes, 
relieved or otherwise, can be applied over nickel 
y 4 recular process such as the following :— 
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Electrolyte : 


Double nickel salts . 9oz. 

Zinc sulphate crystals .. 1.25 oz. 
Sodium thiocyanate . 2.25 oz. 
Water ss . 1 gallon. 


Temperature oe .. 100 to 120 deg. F. 
Current density ee .. 2to4amps. per sq. ft. 


These sulphide finishes should all be com- 
pleted with a good coating of cellulose, or com- 
bination cellulose/synthetic lacquer or varnish. 
Silver-plate is often asked for, and the usual 
cyanide solutions operated at low voltage are 
satisfactory, and nickel is the best undercoat. 

In mass-production work finish inspection in- 
evitably results in a small percentage of rejec- 
tions, and castings have to be stripped without 
damage and replated. For this purpose 
chromium top coats are removed anodically in 
hot 5 per cent. caustic soda solution. Nickel 
or nickel and copper are then removed anodic- 
ally in strong sulphuric acid solutions (50 per 
cent. or more). 

Barrel Plating 

Barrel plating is always a more specialised 
technique than vat plating because the nature 
of the article is a large determining factor. 
Especially is this so for zinc castings. One 
particular process worked out for polished nickel 
finish on small articles embraces the following 
operations : — 

(1) Remove major blemishes, including gate 
and flash marks, by a grease grinding wheel. 

(2) Remove residual film by a rapid dip in 
50:50 nitric acid, cold-water rinse, rapid dip in 
50:50 ammonia, and water rinse. 

(3) Clean and slightly roughen by barrelling 
with maple sawdust and pumice powder. 

(4) Clean in weak alkali solution (2} per cent. 
tri-sodium phosphate, 24 per cent. soda ash, 
14 per cent. caustic soda), followed by water 
rinsing. 

(5) Without allowing to dry off, immediately 
barrel copper-plate under the following condi- 
tions :— 

Electrolyte : 

Sodium cyanide 


- 
— 


Copper cyanide 2 ae 

Rochelle salt =? oe 

Water - - .. 1 gallon. 
Free cyanide maintained at.. 1.0 to 1.2 oz. per gal. 
Temperature -» 120 to 140 deg. F. 
Voltage . 12 volts. 


Current density .. 3to4 amps. per sq. ft. 


(6) The articles, after water washing after 
the coppering, are immediately wet-rumbled 
with soap solution and suitably sized steel 
diagonals, then cleaned in_ dilute alkali, 
thoroughly washed, and passed wet to: 

(7) Nickel-plate under the following condi- 
tions : — 


Electrolyte : 


Single nickel salts. . . 1 to 2 Ib. 

Nickel chloride . 4to 8 oz. 

Boric acid .. .- 2h os. 

Ammonia .. .. 5 to 10 oz. 

Water .. 1 gallon. 
Voltage .. 12 volts. 
Current density .. 3to4amps. per sq. ft. 
Temperature .. 110to 120 deg. F. 
Anodes . Depolarised nickel. 


(8) Wash and dry off. 

The use of both Rochelle salt copper and the 
nickel solution loaded with sodium sulphate is 
particularly to be noted. The unusual inclusion 
of ammonia is said to be especially useful in 
avoiding the formation of black streaks on the 
work, and does not prevent regular anode 
corrosion. Thicknesses (average) of the order 
of 0.0003 in. for the copper underlay and 0.0005 
in. for the nickel are employed. 


Thickness of Coatings 
Regarding the thickness of the important 
platings, nickel and copper-nickel, independent 
of what follows, this is obviously of importance 
from the viewpoint of providing the necessary 
“ blanket.” On the other hand, it cannot be 
made unduly great because of expense, as well 





as effect upon close dimensions, build-up at 
corners, and embrittlement. On such irregular 
work as castings, only an average thickness value 
assessed over the whole component has much 
meaning in relation to general plating condi- 
tions. For general-purpose work the following 
are satisfactory average thicknesses expressed in 
terms of mgms. per sq. in.:— 


Min. Max. 
Nickel direct 50 100 
Copper-nickel : 
Copper .. 35 70 
Nickel 50 100 


These correspond to approximately 0.00035 
to 0.0007 in. for nickel, and 0.00025 to 0.00050 
in. for copper respectively. Regarding 
chromium, the usual few minutes’ plating time 
suffices, yielding 1 to 2 mgms. per sq. in., or 
approximately 0.00001 in. average. That these 
thicknesses of plating, applied under the condi- 
tions advocated in the foregoing, are effective 
can be seen from the tabulated test data. A 
number of castings taken from mass-produced 
work were subjected to durability tests as 
under : — 

(1) Tropical Humidity Conditions Test. 

This consisted of a standard humidity test in 
which samples were exposed in the cabinet to 
warm, dry conditions during the day and to 
damp, cool conditions during the night period. 
The day conditions of eight hours were tempera- 
ture 130 to 135 deg. F. and humidity 60 to 70 
per cent. The. night conditions were ordinary 
temperatures of 50 to 70 deg F., and humidity 
TaBLE III.—Average Thickness of Electro-plate Coatings 

on Specimens used for Tests in Tables I and II, 





| Average thickness of platings 
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g inch (estimated) and 
n= Electro-plate inches (calculated). 
o finish. es | 
Zz | Mgms. 
> | | Coating. | per Inch. 
sq. in, 
1 | Nickel ..| Nickel ..| 63 | 0.00044 
2 | Copper-nickel | Copper .. 45 | 0.00031 
| Nickel .. 58 | 0.00040 
3 | Nickel-chromium Nickel 72 | 0.00050 
(matt.) ..| Chromium 1.5} 0.00001 
4 | Nickel-chromium Nickel .. 75 | 0.00052 
(polished). | Chromium 2.0) 0.000013 
5 | Brass ..| Brass ..| 15 | 0.00010 
100 per cent. with condensation upon the 
specimens. 


(2) Salt Spray Test. 

The test consisted of one of the approved 
exposure methods in which the samples were 
exposed freely in a cabinet to the mist obtained 
by atomising a 20 per cent. salt solution with 
compressed air. The compressed air was 
cleaned by preliminary passing through a glass 
wool filter and bubbling through water. The 
shelf supports for the specimens also consti- 
tuted baffles to prevent the heavier droplets of 
spray contacting with the articles The test was 
of the intermittent type in so far as the 
atomising was only conducted during the day 
period of 8 hrs., although the specimens were 
left in the cabinet exposed to the atmosphere, 
except for removal at the beginning of each day 
for washing, drying and examination. 

Table I gives the ,results of the tropical 
humidity tests, and the data presented should 
in consequence give confidence in the perform- 
ance of the recommended platings. The thin 
brass-plating applied direct, it is to be noted, 
failed rather badly. 

In the salt spray test as shown in Table II, 
the direct nickel proved to be slightly superior 
to nickel-plate having an undercoat of copper. 

For reference, Table III gives test values of 
average thickness of platings on the specimens 
used for the durability tests. 
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Producing Sound Castings in Iron 


A well-designed casting from the foundry 
point of view is sometimes described as one 
possessing all sections as near the same size 
as possible. Fundamentally this is correct and 
does help to make the foundrymen’s task less 
arduous; occasions do arise, however, when a 
seemingly straightforward casting provided with 
all that is deemed necessary with regard to 
metal of correct composition, temperature and 
feeding facilities, is subject to shrinkage flaws. 
Two castings of this description have been 
selected as examples, to show the nature of the 
defects and the methods employed to over- 
come them. 


Flywheels 

Flywheels in the past have not presented any 
serious trouble in their production, but latterly 
with the introduction of Texrope drives neces- 
sitating ‘“‘ Vee” grooves around the periphery, 
a problem arises when these have to be turned 
from the solid rim. 

Fig. 5 is a section drawing of a flywheel show- 
ing the number of grooves and to what extent 
they involve part of the original casting. A 
typical example of a wide variety of wheels, 
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Fic. 5.—SeEcTION DRAWING OF FLYWHEEL. 
these castings are invariably produced for the 
dual purpose of serving as plain flywheels for 
direct coupling to electric motors or “ Veed” 
for Texrope drive according to the requirements 
for the installation of the machine. It will be 
observed by the ring drawn at the junction of 
the rim to the diaphragm that a very consider- 
able mass of metal is present at this portion 
of the casting, and in view of the machining 
penetrating to a depth of approximately 1{ in. 
it is important that the structure at this point 
shall be just as close and free from porosity 
as the remaining part of the rim. 

Some little difficulty has been experienced in 
achieving that object, principally because cast- 
ings of such heavy section and depth of machin- 
ing demand a low carbon and silicon mixture, 
with a result that shrinkage warrants particular 
attention. 

The wheels are poured from the boss so that 
metal flowing through the central plate to the 
rim. tends to heat this portion of the mould 
and, thus levels out the different cooling rates. 
Feeding during the early stages of production 
was carried out by the aid of rods off the cast- 
ing in large proportioned risers situated on the 
boss.. Any attempt at local feeding on a portion 
of the rim would have created a “ hot spot” and 
consequently be visible after machining. The 
castings made in the manner described were on 
the average fairly good, but occasionally rejec- 
tions were necessary owing to shrinkage causing 
a rough and open surface in one or more 
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grooves which would have injured the rubber 
driving ropes if the wheel were used. With the 
natural object of reducing foundry wastage to 
a minimum, a flared “feed head” in the form 
of an extension to the rim was adapted to pro- 
vide a direct feed to the troublesome area. It 
is interesting to record that this somewhat 
drastic move effectively eliminated the porosity 
and more consistent results have since been 
obtained. 

Fig. 6 shows an actual casting carrying the 
feed head in question. As a further point of 
interest, the wheels are still somewhat sensitive 
to metal composition and on odd occasions a 





Fic. 6.—FLYWHEEL CASTING WITH FLARED 
FEED HEAD. 


slight openness of grain is visible in places 
around the rim when machined and in a position 
above the original area, an effective illustration 
of the draining effect which takes place when 
the heavy sections are some distance from the 
top of the casting. Fig. 7 shows an example of 
a fully-machined wheel with twenty 14-in. 
grooves and weighing 5 tons 11 cwts., and 
when cast 7 tons 4 cwts. 

The freezing rates of portions of castings, all 
other things being equal, are generally pro- 
portional to the mass of metal contained in that 
section. When, however, the casting takes 
intricate form, with certain areas in close 
proximity to each other, heat instead of being 
dispersed is retained in the intervening sand and 
cooling of the casting at these points is retarded, 
so that thin sections under these conditions cool 
in a similar manner to a heavier section cooling 
in normal circumstances. Excellent proof of 
this is given in Fig. 8, showing two small nickel- 
molybdenum crankshafts. 

These castings possessing rather heavy 
sectioned balance weights integral with the shaft 
are cast in the horizontal position so as to 
permit the placing of “feed heads” to each 
weight; obviously solidity in these portions is 
just as essential as with the remainder of the 
casting. By their shape the heads would be 
expected to shrink or draw on the top surface 
where the mass is greatest, instead of which, as 
will be seen from the casting with one head re- 
moved, the draw has occurred on the sides of 
the heads facing each other, showing how 
the closeness of these two portions has pro- 
longed the freezing of the metal at this point. 
Fortunately the heads were of sufficient size to 
replenish liquid shrinkage in the main casting, 
otherwise the weights themselves would have 
drawn in a similar manner. 

When this shrinkage takes place in a more 
complicated casting it is sometimes a difficult 
matter to locate the source of the trouble, and 
often several optimistic adjustments are made 
to the iron and -the mould before the real 
explanation is found. 

The cylinder shown in Fig. 9 is for an 


ammonia-gas compressor of the type known as 
monobloc machines, and is one of a series 


) 5 rising 
in successive stages from 4 in. by 4 in. to 8 in, 
by 8 in. These castings, working at a mean 


pressure of 230 Ibs. per sq. in., are first of all 
subjected to a hydraulic test of 600 Ibs. per 
sq. in., followed by a further test of 350 Ibs, 
per sq. in. air pressure with the casting 
submerged in water. 

As such machines are in constant demand for 
various forms of refrigeration, comparatively 
large quantities of these cylinders are made, and 
the results in terms of rejections have always 
been considered reasonably low for a casting of 
this character. 

Some time ago the series was extended to in- 
corporate a further model of larger capacity, 
but nevertheless adhering to the design of the 
prototype. With the commencement of produc- 





Fic. 7.—MACHINED FLYWHEEL CASTING, WITH 
20 GROOVES AND A FINISHED WEIGHT OF 
5 Tons 11 cwrTs. 


tion of this machine the cylinder casting proved 
extremely troublesome, and it was necessary to 
make rejections through failure to withstand the 
pressure tests. An examination of a defective 
casting on test revealed leakage at a point 
situated in the gas delivery port, a most in- 
accessible position. 

Fig. 10 shows a section of the major portion 
of the casting showing the water jacket partly 
removed to disclose the cylinder bores and the 
gas-outlet port. The leakage occurred at this 
point, and by carefully breaking the cylinder 
the defective area was found to be the usual 
dendritic form of shrinkage. Due consideration 
of the problem pointed out the delayed freezing 
of the metal, which must persist in this part 
of the casting owing to its being the inner- 
most point and junction of several sections. 
Feeding by gravity from the heads via the 
cylinder walls obviously can only continue for 
the period during which the walls are fluid 
or at least partly so; and it will be seen from 
the drawing (Fig. 10) that both the cylinder 
walls and the bridge piece are of similar section, 
and, in view of the prolonged cooling of the 
latter, adequate feeding is not possible. 


Endeavours were first of all made to equalise 
the cooling rates by means of denseners situated 
in both the smaller port core and the main core, 
still of course retaining the feed heads: the fe 
sults obtained were to some degree an improve 
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ment, nevertheless on isolated occasions a cast- 
ing failed to pass the testing department. 

At this juncture it was decided to approach 
the problem from a different angle and, with 
the designer’s permission, to reduce the thick- 
ness Of the internal walls in order to enable 
the metal to solidify more quickly and at a rate 
comparable with the remainder of the casting. 
[he proposal was approved by the designer, and 
due collaboration produced an alteration which 
will be shown by comparison of the next two 
lustrations. Fig. 11 shows the original section, 
and Fig. 12 the section after modifying. The 
bridge piece was reduced by 7% in. thickness, 
ind the outlet port was widened so as to reduce 
ys much as possible the amount of metal in this 
position. The average thickness of this casting 
incidentally is 14 in. 

It is a pleasure to state that the result obtained 
therefrom amounted to a complete elimination 
of the unsoundness, and was of sufficient value 
o warrant a similar change being made in the 
other cylinders of the series. 

Foundry work and the path to production of 
satisfactory castings is beset by many obstacles 
and problems of which shrinkage is only one, 
nevertheless its persistence in certain instances 





Fic. 8.—SMALL NICKEL-MOLYBDENUM ALLOY 
CastT-IRON CRANKSHAFTS. 


is particularly aggravating to those whose task 
itis to surmount all such difficulties and provide 
sound material to the present-day requirements 
of engineering. 

In conclusion the author wishes to express 
his thanks to the directors of J. & E. Hall, 
Limited, for their permission to give this Paper. 


DISCUSSION 

Mr. V. C. FAULKNER (Past-President of the 
Institute), commenting on the author’s sugges- 
tion that, when a densener was used, its effect 
was to push a defect from one part of the cast- 
ing to another, said that though that had been 
reported times without number, there was a 
large school of thought which discounted the 


notion. He would like to hear views as to 
the mechanism involved. 
Mr. Pincotr replied that the detailed 


mechanism was rather intricate and was diffi- 
cult of explanation, but, briefly, it appeared 
that a densener solidified a portion of the cast- 
ing quickly, thus forming an obstacle beyond 
Which the liquid metal was unable to penetrate 
lo other portions of the casting. 

MR. FAULKNER said it would be interesting 





to keep that explanation in mind, because he 
believed that Mr. Pincott’s Paper could possibly 
be regarded as an introduction to a series of 
Papers prepared for presentation at the 
abandoned Convention. The problem of un- 
soundn: would probably be _ extremely 
prominent. 

Mr. Faulkner asked whether he had weighed 
the blobs in order to ascertain their feeding 
ficiency by comparing their weight with cal- 
culated ones, 

MR. Pincotr said he had not sufficient con- 
fidence in the ramming of the sand to have 
attempt:d that. 

MR. |. A. CHELL asked whether Mr. Pincott 
had decided the arrangement of the headers on 
‘ theor-tical basis or by trial and error. 
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Mr. PINcoTr said the matter was really de- 
cided by experience. The problem involved 
supplying a volume of metal which would re- 
main fluid for a longer period than the casting. 
There was no hard and fast rule. 


Denseners and Increased Shrinkage 
Dr. A. B. Everest (Past-Branch-President) 
suggested that one might go a stage farther 
than Mr. Pincott had gone and might say that, 
when a densener was used, the total porosity in 





Fic. 9.—AMMONIA-GAS COMPRESSOR 


CYLINDER, 8 IN. BY 8 IN. 


the casting would be actually greater than it 
would have been if a densener had not been 
used, because the densened metal had a higher 
combined carbon content, and therefore a still 
greater shrinkage. The problem of soundness, 
he continued, was bound up with differential 
cooling in the different sections of a casting, 
and it was important to realise that, if the metal 
in the thin sections were of higher combined 
carbon content than that in the thick sections, 
its rate of contraction would be greater than 
that in the thick sections. Anything that could 
be done to equalise the contraction would help 
to produce a sounder casting. 


Tendency to Increased Carbon Content 

Commenting on some of the analyses given 
in the Paper, he said he had noted that the car- 
bon contents of the irons were relatively low. 
and he asked whether Mr. Pincott considered it 
essential to have low carbon contents, from the 
point of view of soundness. Dr. Everest asked 
the question because of the tendency nowadays 
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Fic. 12.—SECTION 
AFTER MODIFICATION. 


Fic. 11.—SECTION OF 
ORIGINAL Port. 


to raise the carbon contents, and he added that 
he had seen many examples of high-duty irons 
recently having remarkably high carbon con- 
tents. The irons used in the early automobile 
engines had carbon contents of 3.6 and 3.8 per 
cent., and the castings were excellent in spite 
of relatively low phosphorus. He asked whether 
Mr. Pincott claimed that either low or high car- 
bon contents gave the better control over com- 
position and melting technique. 

Mr. PINCOTT said that in many cases it was 
a matter of opinion as to whether a low or 
moderate carbon content was the better. A 
low carbon certainly ensured solidity and gave 
more latitude; occasionally, for some obscure 
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reason, total carbons would jump probably 0.2 
or 0.25 per cent. above the figure allowed for, 
and if such an increase occurred when using 
higher carbon, then the results might be rather 
tragic. On the other hand, a low-carbon iron 
was more subject to shrinkage than the higher- 
carbon iron, so that it was a minor point as 
to whether or not it would be preferable to 
raise the carbon content a little. However, he 
was still persisting in the use of the low-carbon 
irons. 
Melting Practice 

Mr. FAULKNER asked whether Mr. Pincott 
melted the expensive nickel-molybdenum irons 
in the cupola. 

Mr. Pincotr replied that he did, but gener- 
ally as the second mixture. The first was pro- 
bably of 3.15 or 3.2 per cent. carbon; there was 
more carbon pick-up in the first one or two 
charges than in later charges. 

Mr. FAULKNER asked if he used a receiver, 
and suggested that it might be advisable for the 
high-duty irons. 





DAYLIGHT 
FiG. 10.—SeECTION OF MAIN PORTION OF 
8-IN. BY 8-IN. CYLINDER. 


Mr. Pincotr said he did not use a receiver, 
and preferred a direct tap from the furnace. 

MR. FAULKNER suggested that if cupola opera- 
tions were standardised, the furnace could be 
run on the time basis; one need not then use 
double coke splits, and one could separate the 
mixtures on a time basis. 

Mr. Pincotr replied that he very seldom 
split charges with the aid of double amounts 
of coke. His principle was to use 10-cwt. fur- 
nace charges and to work the number of charges 
in even numbers when using a 1-ton ladle, and 
a 14-ton ladle when working on odd numbers 
of charges. He did not work on the time basis, 
but purely on the quantity of metal. The 
routine analysis showed fairly consistent results; 
at odd times there were unfortunate jumps in 
total carbons, but possitly the original low car- 
bon content allowed for such contingencies. 

Mr. A. E. McRae SmituH asked whether the 
carbon contents of the irons used by Mr. Pin- 
cott were in the region of from 2.9 to 3.1 or 
3.2 to 3.5 per cent. 

Mr. Pincotr said that in the average irons 
he used the carbon contents were from 3.15 to 
3.2 per cent. For the high-strength irons there 
were fairly large amounts of steel in the cupola 
charges, and in the nickel-molybdenum irons 
for the small crankshafts he had mentioned the 
carbon content had been as low as 2.9 per cent., 
in the second ton tapped from the cupola; he 
could not recall the analysis of the first mix- 
ture. In the ordinary irons for the smaller 
castings, weighing 18 or 20 Ibs., and of about 
4-in. section, the carbon content was roughly 
from 3.35 per cent. 

Application of Denseners 

Mr. G. C. Pierce (Past-Branch-President), 
commenting that he was rather amused by the 
conflict of opinion concerning the use of den- 
seners, said it had been apparent for some 
years that there were two schools of thought 
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on the matter. In his view, the problem was 
mainly a matter of the practical application of 
the densener, of ensuring that it was of the 
right size and quality. He believed that, if 
the densener had these characteristics, it would 
not drive the porosity from one part of a cast- 
ing to another; the perfect densener would not 
add to the porosity, but would cure it. 

Mr. PINCOTT replied that he did not by any 
means condemn the use of denseners. In fact, 
he did use them, but only in conjunction with 
feeder heads; and even then the problem of 
deciding on the volume of the densener and 
its position in the casting became rather in- 
volved. It might appear to be simple in some 
instances, and one might be fortunate enough to 
hit on the right solution at the first attempt; 
but it would be agreed that it was a variable. 

Mr. W. C. GLADWELL said he seemed to re- 
member a statement in the Paper concerning 
dispensing with denseners, and he asked 
whether the reasons for dispensing with them 
were concerned with the moulding materials or 
the moulding methods. 

Mr. Pincotr said he could not recall the 
statement referred to, but he had made refer- 
ence to the rate of cooling in sand, which was 
fairly constant. With dry sand there was rela- 
tively slow cooling, with oil-bonded silica sand 
the cooling was slightly faster, and with green 
sand it was still further speeded up. There was 
not, however, a great deal in it; and unless the 
iron was very critically balanced in composition, 
one would probably not notice the difference on 
the broken section. 


Design of Feeding Heads 


Mr. McRae SmiTH, discussing the design of 
feeder heads, asked whether Mr. Pincott had 
ever worked on the principle—particularly in 
the case of liners, compressor bodies, and so on, 
which were usually circular and flanged—of 
making the section of the base of the feeder 
head proportional to the thickest section. The 
greatest sectional thickness was usually the 
diagonal between the bottom of the flange and 
the inside of the bore at the top of the flange, 
and he suggested that if one added } in. to 
that dimension and used it as the base of the 
feeder head it would be better than to proceed 
in a haphazard manner. Working on this 
principle, the feeder head should always be 
effective provided sufficient taper was used in 
the flare. 

Mr. PincotTr replied that he had not adopted 
any definite rule in that respect. Mr. McRae 
Smith’s suggestion was useful and he hoped to 
be able to evolve something on the lines 
suggested. 


Inadequacy of Published Data 


Dr. J. E. Hurst (Past-President of the Insti- 
tute) said he was reminded that during the 
last 25 years a large number of Papers had been 
presented dealing with the eternal problem of 
soundness in castings, and the authors of the 
Papers had been at great pains to indicate the 
steps they had taken to overcome unsoundness 
—by the use of heads, altering the disposition 
of chills, redesigning and altering the thick- 
nesses of castings, and so on. One striking 
fact was that, whenever an intelligent foundry- 
man really tackled the problem of producing a 
particular individual casting in a sound condi- 
tion, he invariably succeeded; at any rate, there 
were very few cases in which the foundryman 
threw up his hands and admitted that he really 
could not solve the problem. Yet in spite of 
the fact that all the Papers presented to the 
Institute on the question of unsoundness, de- 
scribing the methods adopted to overcome the 
trouble, had been published in THe FouNpRY 
TRADE JouRNAL, foundrymen were still finding 
difficulty in solving the problem. After 25 
years of hard work on the part of lecturers 
throughout the foundry industry, one would 
have expected that some progress would have 
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been made. It would be true to say that some 
progress had been made; but there was no doubt 
that a Paper of the type presented by Mr. Pin- 
cott was still very valuable. He hoped that it 
would be given prominence, because it was of 
increased value under present conditions, when 
the demands concerning castings were becoming 
greater and increasingly onerous, and when the 
people who were asked to make the castings 
might be less experienced im some cases than 
normally. 
Vote of Thanks 

Dr. EVEREST, proposing a vote of thanks to 
Mr. Pincott for his Paper, commented that he 
was a brave man, for anybody who addressed 
foundrymen on the subject of unsoundness in 
castings was asking for a peck of trouble. 
There were many variables in foundry practice, 
and unsoundness seemed to be the answer when 
any of them went wrong. Mr. Pincott served 
a firm having a wonderful reputation for sound 
castings; and the discussion had not perhaps 
emphasised sufficiently that the answer was the 
liberal use of feeder heads. In all the castings 
illustrated by Mr. Pincott, at least 33 per cent. 
of the metal was present as such heads, and 
that was a very important point to remember 
when endeavouring to produce sound castings. 

There were all sorts of aspects of the sub- 
ject, concerning chilling, sands, gases and so 
on. The gratitude of the Branch was due to 
Mr. Pincott for the manner in which he had 
dealt with the subject. 

Mr. T. MAKEMSON (General Secretary of the 
Institute), seconding, said that all discussions on 
unsoundness or porosity led to the discussion of 
the subject of chills, which subject was not 
without its controversial aspects. Mr. Pincott 
had tried to direct attention to the fundamentals 
of the problem of unsoundness, beyond the 
remedy of applying chills, and he had succeeded. 
The members of the Branch were indebted to 
him for the careful thought he had devoted to 
the preparation of the Paper. 

The vote of thanks was accorded with accla- 
mation, and the meeting closed. 








Chain Slings 


IMPORTANT CONSIDERATIONS IN 
THEIR SELECTION 


In the manufacture of chain to be used as 
slings in the handling of heavy loads, there are 
two important factors, states Mr. H. A. DELANO, 
of the American Chain & Cable Company, in 
the course of an article in “Steel.” The 
material used is probably the most important, 
and the trend is to employ alloy steels care- 
fully heat-treated. The next important factor is 
design. Welding chain links so that the weld 
comes at the link end tends to eliminate failures 
caused by the bending of links where slings are 
used around sharp projecting objects and 
corners. Alsd, the weld section is free to move 
in any direction. 

With these factors in mind, a new line of 
chains has recently been developed by the 
author’s company, especially for sling use. 
These are manufactured from three types of 
steel: Hot-rolled steel, normalised, with a tensile 
strength of 25 tons per sq. in.; controlled analysis 
carbon steel, normalised, with a tensile strength 
of 38 tons per sq. in. when heat-treated; and 
34 per cent. nickel steel with a tensile strength 
of 55 tons per sq. in. when normalised, quenched 
and tempered. All links in these chains are 


welded at the end. 

Where extreme ductility and great impact 
resistance are required but high-tensile strength 
is not specified, the first type, hot-rolled steel 
normalised, is recommended. Such chain will 
elongate 35 per cent. minimum under strain, and 
has a hardness of approximately 100 Brinell. 
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Where greater strength is required with high 
resistance to impact loading and moder: ¢ hard. 


ness to resist abrasion, the second type of steo| 
makes an economical chain. This c!iss_ yj 
show approximately 25 per cent. minimum 
elongation under load and has a hardness be. 
tween 170 and 180 Brinell. 

Where maximum tensile strength anc resist. 
ance to abrasion are required, the third type 
of steel should be used. This 34 per cent 
nickel steel, normalised, quenched and tem. 
pered, develops a tensile strength of 55 tons per 
sq. in., with a hardness from 235 to 255 Brinell, 
Tests on this chain show a minimum of 15 per 
cent. elongation. To manufacture and tes 


these three types of chain, special equipment had 
to be provided. 

Since all chains used for sling purposes and 
for handling heavy loads are subjected to impact 
loading, much work was done in testing 
materials to determine the most. satisfactory 
composition. Blocks of laminated steel of 
various sizes are elevated by a_ hydraulic 
cylinder to a predetermined point and allowed 
to drop on the chain being tested, with the chain 
held in tension: Capacity of the machine js 
approximately 16,000 ft.-lbs. It is arranged s0 
that a maximum load of about 2 tons can be 
dropped through a range of 4 ft. 

Since safety of life and property is entrusted 
to sling chains, chains should be selected intelli- 
gently for the class of work which they are to 
perform. Four basic points in selecting sling 
chain are: Possibility of loading under impact, 
weight and shape of load to be handled, fre- 
quency of operation, and atmospheric conditions 
under which chain is to be used. 

It has been proved that tensile strength gener- 
ally must be sacrificed to get high impact resist- 
ance. Impact conditions caused by faulty 
hitches, bumpy crane track, slipping hook-up, 
etc., must be given serious consideration. 

Chain used continuously all day experiences 
wear and abrasion prevented only by either 
lubricating the chain or by employing material 
of high hardness to resist wear. However, 
hardness must be considered in connection with 
tensile and impact conditions. 

Resistance to corrosion also must be con- 
sidered, especially when chains are used in or 
around acids or corrosive atmospheres. To 
meet conditions found in pickling rooms, plating 
departments, etc., chains are available made 
from various bronzes, Monel and stainless steel. 

The selection of harder material alone does 
not improve the wear resistance. If increase in 
tensile strength is not considered and harder 
chain is substituted size for size, a satisfactory 
increase in wear resistance can be obtained. 
For maximum overall efficiency and low 
operating costs, sizes of sling chains should not 
be reduced greatly when using higher-tensile 
and harder alloys. Justification of their in- 
creased cost can be made easily in their longer 
life and greater factor of safety. 

In addition to the four basic points mentioned, 
other conditions play an important part 
selection of the proper sling chain. Angle of 
pull, possibility of unbalanced load, freedom of 
load to move, types of hitches required, tem- 
perature at which chain will operate and other 
conditions distinctively appreciable in some 
plants require simultaneous consideration 





Nickel-Plating Processes 
The May issue of the “ Nickel Bulletin ~ 


icludes 


lengthy abstracts on plating processes, notably those 
used with zinc-containing base metals. {improve 
ments in nickel-cobalt plating technique «re also 
discussed. Other items of interest include work 
carried out at the United States Bureau of S‘andards 
on the stability of thermocouple material»: aero 
engine bearing alloys; constitution diagrams of, the 
nickel-germanium system. Copies may be «btainee 
free from the Bureau of Information on Nickel 


Thames House, Millbank, London, S.W.! 
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Acid Smelting in the Blast Furnace 


CONDITIONS GOVERNING PRACTICE IN THIS COUNTRY 


Towards the end of last year, Mr. H. A. 
Brassert read a Paper to the Eastern States and 
Chicago District Coke Oven and Blast Furnace 
Association at Cleveland on “Some Recent 
Developments in Iron and Steel Industry of 
European Countries” and in our issue for 
April 11, 1940, we published some extracts from 
the Paper relating to the Hermann Géring 
Works at Brunswick and Linz, according to a 
report appearing in “Blast Furnace and Steel 
Plant.” Now through the courtesy of that 
journal we give some further extracts relating 
to acid smelting in the blast furnace at the 
Corby Works of Stewarts and Lloyds, Limited. 

The problem of making suitable iron and 
steel from the Northamptonshire ore at low 
costs was a metallurgical one, states Mr. 


TaBLE I.—Comparative Practice on No. 4 Blast Furnace 
at Corby Using Different Percentages of Sinter. 
Period I. 





























Wi Total Per cent. 
Charge. | tons. of burden. 

Ore... ..  ..  «.| 28.182 | 67.17 

Basic slag 806 1.93 

Cinder | 41 0.10 

Scale. . | 120 0.28 

Sinter aca 11,821 28.23 

Manganese ore | 266 0.63 

Total ore burden oa 41,186 a 

Scrap 696 1.66 

Coke .. | 12,495 -- 

Limestone —_ — 

Gravel | 46 — 

Total charge .. | 54,423 | 100.00 

Ratio ore to coke ° 3.30 

Pounds scrap per ton iron .. 111 

Pounds ore per ton iron 6,544 

Pounds stone per ton iron .. — 

Blast pressure (average) 11.7 

Blast volume (average) 39,264 

Blast temperature (average) 750 

Top pressure (average) 32.5 

Top temperature (average) 388 

Production— 

Total tons—iron .. 14,102 
Average daily tonnage 463 
Coke per ton iron 1,985 
Flue dust per ton iron 454 

Ratio blast to coke—58.7 

Total time lost—3 hrs. 16 min. 

[ron Analysis. Slag Analysis. 

mM és -- 0.69 SiO, 32.9 

Be -- 0.155 Al,O, 24.6 

ae 2.00 CaO 31.9 

Mn .. -. 0.64 MgO 5.10 

B ss 1.55 

Brassert; new methods had to be devised to 
pull down the high coke rate on the blast fur- 
haces, to bring the silicon and sulphur in the 
pig-iron within the range of the steelworks speci- 
fications and/or to modify the steel process 
itse] These objects were attained with the 
adoption of acid smelting. 

[he cause of the high coke rates of around 
3,000 Ibs. per ton of iron at the old British 
pla working these ores was to be found very 
lare'y in the very limey practice which was 
use. to control the high sulphur from the ore. 
To Attain the required lime ratio in the slag, 
Irom: 16 to 20 per cent. limestone was added to 
the ore burden. This not only increased the 


larsc slag volumes still further, in some cases 
to «s much as 1.25 tons slag per ton of iron, 
bu: added more carbonate to that of the ore, 


requiring additional coke in the furnace or a 
considerable increase in the percentage of cal- 
cined ore in the charge. 


Prof. McCaffery’s slag fusibility and viscosity 
diagrams showed that workable slags could be 
made without the addition of limestone; pre- 
vious experience at Provo and at the A. M. 
Byers plant with desulphurisation in the ladle 
indicated that the much greater amounts of sul- 
phur which would be absorbed by the iron with 
acid slags would be removed. A slag composi- 
tion was determined which, in spite of its high 
alumina content (24 to 26 per cent.), maintained 
the required fluidity at normal working tempera- 
tures without the addition of lime. To be able 
to save the addition of 16 per cent. of limestone 
and sinter 25 per cent. of the ore, it would 
mean a saving in coke consumption of approxi- 
mately 600 Ibs. over past practice, without cal- 
cining any of the ore. The author did not then 
hope for the much greater saving of 1,000 Ibs. 
of coke which was achieved a few years later 
in the larger furnaces and with the gradual 
improvement of many details over the original 
practice. The important factors in this develop- 
ment were proper crushing and grading of the 
ores, discontinuing temperatures and, last but 
not least, continuous blowing with the avoidance 
of stops, a practice which was achieved at Corby 
with greater success than at any other plant. 


The slag composition which was finally 
adopted as the best had a lime to silica ratio of 
approximately 1 to 1; a representative analysis 
is as follows:—(Per cent.) SiO., 33.0; Al.Os, 
25.5; CaO, 32.5; MgO, 5.4; S, 1.7; FeO, 0.8; 
MnO, 1.2; Alkalis, 0.3. 


The ratio of acids to bases in this slag is 0.64 
(CaO and MgO) to 1.00 (SiO. and AI.,O;), but 
it must be remembered that the alumina added 
to acid slags acts as a base, whereas added to 
basic slags it acts as an acid. The proper prac- 
tical basis for determination of slags of this 
high alumina range in respect to fusion point 
and viscosity is the ratio of lime to silica, leav- 
ing out of consideration alumina and even the 
magnesia. 


Desulphurisation 

Operating on this slag and with a uniformly 
hot hearth, such as one can maintain after 
lowering the blast temperature and avoiding 
irregular descent of the charges, the iron con- 
tained on a whole year’s average 0.33 per cent. 
S with about 0.70 per cent. Si, 2.00 per cent. P 
and 0.60 per cent. Mn. Desulphurisation in the 
blast-furnace ladle reduced the silicon to about 
0.55 per cent., and the sulphur to 0.16. During 
transport to the mixers where the soda slag was 
carefully removed, and in the mixer, a further 
drop to 0.13 per cent. took place and a second 
soda treatment in the ladle carrying the mixer 
metal to the converters reduced the sulphur to 
0.090 per cent.; during the blow this dropped 
to one-half this content or to 0.040 per cent., 
which was the average sulphur in the steel for 
this entire year. Many individual heats are 
blown to specifications demanding a sulphur 
content below 0.030 per cent., with the phos- 
phorus also below 0.030 per cent. and heats have 
been made with sulphur below 0.025 per cent. 
The phosphorus can be brought down to very 
low limits by applying a second lime addition 
after removal of the first phosphoric slag; in 
this way the phosphorus can be brought down 
below 0.015 per cent. 

By using more soda in the second treatment, 
steel can be produced consistently with less than 
0.030 per cent. S from a pig-iron originally con- 
taining ten times this percentage of sulphur. 


Better control of the operations combined with 
the better practice on the larger furnaces has 
improved the results to such an extent that the 
average sulphur content of the iron has dropped 
in spite of an increase in the sulphur of the ore, 
so that the second desulphurisation can fre- 
quently be omitted. 

Desulphurisation of the iron can only be 
carried out successfully if the reaction takes place 
above a certain temperature. To this end the 
iron ladles at Corby were equipped with covers 
from the beginning; not the mixer type, but 
ordinary 60-ton ladles with a dome-shaped cover 
and a circular opening in the cover for receiving 
and discharging the molten metal were used. 
The cover is only removed for relining. The 
desulphurising mixture of burned lime, soda 
ash and fluorspar is dropped through the open- 
ing in the cover on to the bottom of the red-hot 
ladle returning from the mixers. After the 


TaBLe II.—Comparative Practice on No. 4 Blast Furnace 
at Corby Using Different Percentages of Sinter. 











Period IT 
— | Total Per cent. 
arg | tons. of burden. 
Ore ..| 31,213 | 64.75 
Basic slag 617 | 1.28 
Cinder 73 0.15 
Sinter et 15420 | 82.00 
Scale. . oa > sal 107 | 0.23 
Manganese ore 338 0.70 
Total ore burden ..| 47,768 | - 
Scrap ee - 430 | 0.89 
Coke 14,230 | = 
Limestone , — | —- 
travel .| 45 | — 
Total charge .. ..| 62,473 «| 100.00 
Ratio ore to coke 3.35 


Pounds of scrap per ton iron a‘ 61 

















Pounds ore per ton iron 6,316 
Pounds stone per ton iron .. a 
Blast pressure (average) 13.4 
Blast volume (average) 41,050 
Blast temperature (average) 823 
Top pressure (average) ‘ 35.8 
Top temperature (average). . 368 
Production— 
Total tons iron 15,698 
Average daily tonnage 512.1 
Coke per ton iron 2,030 
Flue dust per ton iron 746 


Ratio blast to coke—56.4. 
Total time lost—5 hrs. 48 min. 





Iron Analysis. Slag Analysis. 


ae -- 0.65 SiO, 32.3 
B -» 0.125 Al,O, 25.8 
Gs .. 2.03 CaO 32.7 
Mn 0.55 Mg 5.02 
B .. 1.53 


molten metal drops on to this material, a violent 
reaction sets in, producing a flame as in a 
Bessemer blow, the lively reaction continuing 
for some minutes after the ladle is filled. If 
the reaction is not violent, as when the tempera- 
ture of the iron is too low or the ladle is cold, 
then the degree of desulphurisation becomes less 
and the metal loses temperature. With the 
proper reaction the process is exothermic and 
the combination of the relatively high tempera- 
ture of Corby metal, the covered ladle and the 
large 1,200-ton mixers has resulted in the con- 
verters at Corby receiving their hot metal at a 
temperature approximately 100 deg. C. above 
that representing the usual basic-Bessemer prac- 
tice on the Continent. This has had its effect 








456 


e 
not only on the ability to scrap the vessels much 
heavier, but it has improved the quality of the 
steel. It has also been noted that the desul- 
phurisation process not only removes sulphur 
but removes oxides from the molten metal which 
blows softly without spitting and with a high 
yield of ingots. 

The consistent maintenance of a_ hot-blast 
furnace hearth has only been possible with these 
ores by the use of low blast temperatures which 
result in a uniform descent of the charges, low 
pressures and smoothly operating furnaces allow- 
ing heavy burden ratios and consequently low 
top temperatures. It was only after the lower 
blast temperatures had become regular practice 
that the remarkably low coke consumptions were 
attained at Corby, especially on the larger fur- 
naces which have shown consistently lower coke 
consumption than the smaller furnaces and now 
range between 1,900 and 2,000 Ibs. per ton of 
iron. 


In order to ascertain the effect and the 
economy of carrying different percentages of 
sinter, this was varied on furnaces at different 
times. It was shown that to carry more than 
35 per cent. sinter in the burden was not econo- 
mical, partly because the cost of the ore is only 
50 cents whereas sinter costs $1.50 and also 
because even the sinter with its 38 per cent. 
Fe is still a very light material if properly made 
and does not permit of much harder blowing 
than the ore. 


In Tables I and II results are given of opera- 
tions in the year 1938 on different percentages 
of sinter and rates of blowing on No. 4 furnace. 
The first period (Table I) covered a period of 
two months and the second (Table II) a period 
of three months of the same year. 


These comparisons show that the lowest coke 
consumption was attained with the lower per- 
centage of sinter, the lower amount of blast 
in the first period undoubtedly influencing the 
results in this direction. With the higher per- 
centage of sinter in the second period more blast 
could be blown, but not without much heavier 
flue dust losses. This shows how sensitive an 
operation on such light materials is, the Corby 
ore only weighing less than 80 Ibs. per cub. ft. 
and the sinter not much more. 

The lowest coke consumption also went with 
the lowest blast temperature. It is interesting 
to note the high burden ratio carried on this 
furnace which averaged 3.30 and 3.35 tons re- 
spectively of ore (plus sinter) to one ton of coke. 
With a materially lower rate of ore to coke it 
has never been possible to obtain good practice 
at Corby. With the resulting increase in stack 
temperatures the operation became irregular, 
the hearths got cold, additional blast tempera- 
ture only served to drive the heat still farther 
up the stack with the result of starting the melt- 
ing process in very high zones, in extreme cases 
not far below the stock line. These ores, once 
the CO, and chemical water are driven off, 
will in their powdered form fuse readily at low 
temperatures, forming glassy silicates, at which 
they can no longer be reduced indirectly by 
CO. These silicates form sticky, viscous masses 
of slag in the various local zones where the tem- 
perature has risen through channelling. They 
are impervious to the flow of gases and produce 
further channelling in the upper part of the 
stack. The only remedy is to lower the stack 
temperatures by carrying more burden—not an 
easy thing to do when a furnace is in trouble 
and which really means making a new start with 
coke blanks, low wind and gradual building up 
to good practice. 


High and Low Blast Temperatures 


The experience of the Corby operation more 
than any other convinced the author that the 
most economical blast-furnace practice on fine, 
easily reduced ores is that which takes advantage 
of their reducibility by operating with relatively 
low blast temperatures and the maximum of in- 
direct reduction. Not only the lowest fuel con- 
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sumption but the lowest ore losses, the best rate 
of production and the most uniform quality of 
iron are thereby obtained. This can only be 
accomplished by operating with low top and 
stack temperatures by means of carrying heavy 
burdens by keeping the blast temperatures within 
the range of smooth descent of the charges and 
uniform blast pressures. With the Corby burden 
this range seems to lie between 700 and 900 
deg. F. With the coarser Mesabi ores this range 
should be somewhat higher and, of course, with 
their greater specific gravity they can be blown 
much harder without blowing the ore over into 
the dust-catcher. 


High blast temperatures can only be carried 
successfully in the degree in which selection and 
grading of the ores and their beneficiation has 
produced a stock column sufficiently open and 
uniform to allow of their use without disturbing 
proper distribution of the gases and smooth 
descent of the charges. A _ correspondingly 
heavier burden must be carried to keep the stack 
temperature down. If this is not possible owing 
to the fineness and/or irregularity of the ores, 
then coke will actually be saved by lowering the 
blast temperature. 


High blast temperatures are wanted for the 
direct reduction of silicon and manganese to 
produce high-silicon foundry irons and man- 
ganese alloys as they cause an increased amount 
of direct reduction in the hearth of the furnace. 
The low-silicon basic irons on the other hand 
are easier made with low blast temperatures. 
Ores which are more difficult to reduce, such 
as magnetites and hard, dense hematites, need 
the higher blast temperatures to deal with the 
portion of the ore which has not been reduced 
by CO before reaching the blast-furnace hearth. 
Even among the so-called soft hematite ores, 
there are some the structure of which under 
the microscope indicates that they are really 
magnetite or at any rate denser than some of 
the hard hematites. 


The author then proceeds to discuss the con- 
stitution of various ores, and the construction 
and efficiency of auxiliary plant and concludes 
by saying that his observations have related 
especially to the production of basic iron with 
fine, easily reduced ores and apply te acid prac- 
tice on carbonate ores in the production of low 
silicon iron for the basic-Bessemer process. 
Naturally, the composition of the iron has a 
decisive influence on the operation of the blast 
furnace. For instance, the production of man- 
ganiferous or high-silicon irons demands higher 
blast temperatures, which together with a cer- 
tain increase of the coke consumption, must 
compensate for the greater heat required for 
the direct reduction of the MnO or the SiO.. 
In this case, the furnace readily takes the heat 
and the oxygen liberated in the direct reduction 
accelerates combustion of the coke. When pro- 
ducing ferro-manganese or ferro-silicon one can 
and must use the highest blast heats. Even 
with these temperatures, the physical tempera- 
ture of the metal does not necessarily increase, 
because the increased temperature brought in 
by the hot blast is generally completely used up 
in the direct reduction of MnO and SiO, in the 
hearth. 





Catalogue Received 


Pyrometers. Bristol's Instrument Company, 
Limited, of Brent Crescent, North Circular Road, 
London, N.W.10, have issued a 16-page brochure 
illustrating and describing the Pyromaster type 
of pyrometer. This employs the potentiometric 
principle of measuring the electromotive force 
induced in a thermocouple in terms of tempera- 
ture up to a maximum reading of 2,150 deg. C. 
Each component of the instrument is separately 
described and illustrated. Finally, on page 15. 
a radiation pyrometer—the Ardometer—is in- 
cluded, though a special pamphlet is available 
covering this apparatus. 
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Meehanite 
Research Institute 
ANNUAL MEETING IN YORK 


The eighth annual meeting of the Meehanite 
Research Institute was held in York on Junv 6, 
Mr. N. E. Rambush, director of the Inter- 
national Meehanite Metal Company, Limiied, 
and managing director of Ashmore, Benson, 
Pease & Company, Limited, presided over an 
attendance which was smaller than usual owing 
to absence of foreign representatives. Among 
those present were Mr. John Cameron (direc- 
tor), Mr. E. M. Currie (manager) and the ‘ull 
technical staff of International Meehanite Mcial 
Company, Limited, as well as about 20 repre- 
sentatives of the British licensees. 

The CHAIRMAN, in opening the proceedings, 
spoke with regret of the absence of Mr. Oliver 
Smalley, the President of the Institute, and said 
that the reason for his absence was the war. 
He suggested that a cablegram be sent to Mr. 
Smalley to express their disappointment that 
conditions did not permit of his presence that 
day, and conveying to him their greetings and 
wishes that conditions might be such in the near 
future that he would be able to visit them. 


Mutual Help in New Work 

The Chairman then referred to the co-opera- 
tive spirit which existed within the organisation 
and the readiness with which licensees ex- 
changed experiences and information. This co- 
operation was more necessary than ever at the 
present time, when they were called upon to do 
so much in the national interest. He reminded 
his audience that in the event of one licensee 
having to undertake work which might be new 
to him, but which had been done by another 
licensee, he should not hesitate to write and ask 
that licensee for information about the way he 
did it. This was particularly the case when 
such work had been successfully accomplished 
by an American licensee; such action might save 
a great deal of worry and waste of time in 
research which had already been done. 

Mr. .Rambush went on to refer to work 
which the licensees were undertaking for the 
Ministry of Supply and suggested that they 
might be asked to do still more. The Inter- 
national Meehanite Company was working in 
close collaboration with the Ministry of Supply 
and the Ironfounders’ National Confederation. 
He said that Mr. Currie, Mr. Templeton and 
Mr. Field had been appointed members of the 
I.N.C. It would be necessary for them to give 
all the assistance they possibly could. 

Mr. R. B. TEMPLETON (secretary) presented 
the minutes of the meeting held in Birmingham 
last year, the report of the year’s work and the 
financial statement of the year just ended. These 
were approved, the Chairman remarking that 
the Institute was making good progress. 

The meeting then proceeded to discuss 36 
Papers dealing with many matters pertaining 
to the Meehanite process and general foundry 
technique. The Papers dealt with a variety of 
subjects, including results of researches into /un- 
damental properties of Meehanite; cupola de- 
sign and operation; methods of gating and run- 
ning various types of castings: castings to re- 
place cast and forged steel and to meet special 


service conditions; sales methods; stress relief 
and its effect on various grades of the metal: 
wear and corrosion resistance; behaviour under 
heat influences, and the service of Meehinite 


metal in various industries. 

At the conclusion of the technical session 4 
meeting of the research sub-committee ub- 
mitted a list of researches which are to be 
undertaken during the current year. These In- 
cluded the possible alternative raw materia's t0 


be used, fundamental properties, and the | <_ 
bilities of applying the product in a variety 0 
service conditions. 
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Industry is actuated by two prime motives— 
one being to make a profit, and the other 
self-perpetuation. If the profit motive is not 
satisfied, quick death results; if no arrange- 
ments are made for self-perpetuation, a slow 
but sure death follows. A lack of either is 
almost certain to kill the other. Consequently, 
industry must take the more important of the 
two steps first, and that is self-perpetuation 
through the proper training of young men. The 
profits will follow automatically. 


Rise and Decline of Apprenticeship 


During the 13th and 14th centuries in Eng- 
land, the so-called “*“ Merchant Guilds” held the 
upper hand, but by 1400 another type of 
organisation—the “Craft Guild ”*—largely 
supplanted them. These craft guilds existed 
under the protection of charters granted by the 
different towns, and they had for their primary 
objective the monopoly of the important occupa- 
tions that required skill. Admission to one of 
these guilds required long terms of apprentice- 
ship, depending on the kind of trade. On com- 
pletion of his apprenticeship, the young worker 
became a journeyman, which distinction granted 
him the privilege of journeying from one place 
to another to offer his services to the master 
craftsman. Finally he became a master crafts- 
man himself, which title permitted him to hire 
journeymen to work for him as well as to train 
apprentices. 

The point made here is that these guild 
members took a pride in their occupations, and 
it was considered a distinction to be a master 
craftsman. 

Then came the industrial revolution, right on 
top of the “ domestic ” or “ putting-out ” system, 
which system consisted of furnishing materials 
and sometimes tools to workers who took the 
work home and completed it for a wage. This 
“ putting-out ” system resembled very much the 
“ contract-price ” work which had its zenith in 
the twenties of this century. Anyway, with the 
advent of power and machinery, the craftsman 
became a machine operator who merely pulled 
levers and pushed buttons. Demand for goods 
brought on mass production, and mass produc- 
tion increased the demand for labour; and the 
demand for labour allowed unskilled workers 
to creep into the picture to such extent that it 
was unnecessary to make any real distinction 
between the skilled mechanic and the handy- 
man. 


Revival of Apprentice Training 


The author takes great pride in being an em- 
ployee of his company, as well as a graduate of 
their apprentice school, for it was there that 
apprenticeship in America really had its re- 
birth; it was there that the management saw 
the need of intelligent and skilled workers in 
building good ships; it was there that they took 
the broadminded and foresighted steps to restore 
apprenticeship to its rightful place in modern 
society. They set up a training programme that 
develoned good craftsmen, and they further 


Saw to it that the apprentice also had an oppor- 
tunity to become a gentleman. To-day the 
qualific tions for entering the apprentice school 
are as high as those of almost any institution of 
learning in the U.S.A., and higher than 90 per 
cent. of them Instead of seeking to train the 
— of society to earn a mere subsistence, 
ey 1 


volutionised the process by seeking to 
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train the highest types of boys to earn good 
livings. 

The company with which the author is con- 
nected has had a training system ever since it 
was organised in 1888. However, it was in 1919 
that the management realised the necessity for a 
revision in its training methods. They took 
an ambitious young man who had graduated 
from a technical school, who had been an 
assistant principal in a secondary school, and 
who was then working as an engineer with the 
company, and put him in charge with the title 
of Supervisor of Training. His job was to 
develop and set up a training system with the 
idea of training young men to be mechanics. 

With only an educational compass and the 
destination marked on the map, the tedious pro- 
cedure of plotting a course of training for 
young men was begun which would take into 
consideration the whole boy. It was not only 
necessary to convince the oldtimers that one 
could train systematically, but it was actually 
necessary to convince the boys themselves. 
From this jumbled mass of student material has 
grown an orderly course of study along with a 
method of selective classification of those seek- 
ing entrance. 

The essence of the training course consists 
of the now famous three H’s, the Hand, the 
Head, and the Heart. Toward this end all 
have aimed. The result being obtained was 
aptly expressed by Mr. Archer M. Huntington, 
present owner of the shipyard, when he said 
that “‘ here a boy is being taught what he wants 
to know in the shortest possible time rather than 
what he doesn’t want to know in the longest 
possible time.” 


The Hand Phase 


The term “hand” is meant to include 
physical movements of all parts of the body 
necessary for doing a job, whether it be the use 
of the hand, the arm, or even the body in lift- 
ing. Many young men are endowed with 
academic, artistic, and administrative intelli- 
gence, but are almost’ entirely without 
mechanical aptitude. Often they are mechanic- 
ally clumsy both in mind and body, being un- 
able to assimilate the technical as well as the 
physical. 

In the shops are the instructors whose job 
it is primarily to see that the “hand” part 
of the training is carried out. The respective 
crafts have been broken down into a_ block 
system of training so that the least difficult 
learning factors are first encountered by the 
student. Gradually, the student is moved up 
the training schedule for approximately two 
years under the direct supervision of his in- 
structor; then he is placed in what is known 
as his “experience period,” during which time 
he is given jobs to do without aid from his 
instructor, unless needed. At this point, it first 
becomes evident whether or not the student will 
make a first-class mechanic or supervisor. 


Training in the Foundry 


The author believes that a boy has as good a 
chance in his plant of learning the moulder’s 
trade as anywhere in America. To begin 
with, the training system operates as a depart- 
ment yet in close co-operation with the shop 
as a whole. Each boy is thus given individual 
training and instruction, at the same time benefit- 
ing from what the rest of the shop is doing. 
Next, the company builds ships for the Navy 
and mercantile marine, with water-turbine work 
as a side line. Marine work calls for castings 
made from all kinds of metals, of every shape 





and design, from the very smallest and simplest 
to the very largest and most difficult. The 
largest percentage of these castings are made in 
the firm’s foundry, which constitutes a steel, iron 
and non-ferrous foundry, all under one roof. 

The system follows what are known as the 
Herbartian steps in teaching; namely, Prepara- 
tion, Presentation, Application, and Examina- 
tion. With successful presentation of each 
teaching unit, the first thing that has to be done 
is to prepare the learner for what is coming. 
One of the first lessons is making a “ simple- 
shaped core with no reinforcements (oil sand).” 
Teaching steps follow :— 

Preparation 

To prepare the boy’s mind for the lesson 
itself, it is first necessary to give him some 
ideas that will arouse interest in what is to 
take place; so the instructor will discuss with 
him the following ideas: (1) A mould deter- 
mines the shape and size of a casting; (2) unless 
the metal on the interior of the mould is dis- 
placed in some manner while the metal is 
molten, the casting will be solid. This creates 
a “jumping-off” point”; that is, the point 
where the learner, after having received the 
necessary preparation fundamentals, asks the 
question, “ Well, just how does one displace 
molten metal in a mould?” The instructor 
then tells the learner that a core will displace 
metal wherever desired. 

Presentation 

Step by step the instructor then explains and 
demonstrates to the learner just how the opera- 
tion is done, literally a careful job analysis, 
as follows: (1) Place the core box on the bench, 
the box being level; (2) fill the box with sand 
to the top of the box; (3) pack the sand by 
jarring the box on the bench; (4) add sand to 
above the level of the top of the box; (5) ram 
with the butt-end of the rammer; (6) strike off 
the excess sand level with the top of the box, 
using straight-edge; (7) place the core plate on 
the top of the box and turn the box upside 
down; (8) rap the box gently and draw the box 
from the core; (9) dress up the core where 
needed. The learner should now have a fairly 
good idea about making this core. The next 
step would be naturally to let him make one. 
Application 

While the learner is putting into practice the 
instructions given him in the presentation, the 
instructor should observe him to eliminate any 
waste motions or materials and to check him 
on the proper procedure. At the same time, the 
instructor should acquaint the learner with any 
auxiliary information needed to perform the 
task as well as safety precautions and observa- 
tions on the care of tools and equipment. The 
instructor also should impart technical infor- 
mation and working properties of materials per- 
taining to the job. Having done these, the 
instructor should leave the worker to himself 
until he has completed at least another core of 
the same kind. 

Examination 

The instructor returns for the purpose of 
examining the core made by the learner with- 
out any help; that is, he observes the quality of 
workmanship which includes feel, appearance, 
stability, and dimensions. Finding a defect in 
any of these, the instructor begins a process of 
“ natching-up,” which is nothing more than a 
review of parts of the presentation which cover 
the defects. 

In this lesson, the student not only learns 
how to make a simple core, but he also jearns 
many things which he can apply all the way 
through his apprenticeship. He learns how to 
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use a butt rammer, a straight-edge, a trowel, 
the necessity of keeping jobs level, the care of 
patterns, the necessity for rapping, etc. This 
same method is used all the way through the 
training course, and with each lesson the learner 
gets something new which he can use in the 
lessons to follow. 

The first few days of a boy’s apprenticeship 
are perhaps the most important to him. In 
them the boy becomes acquainted with his life’s 
work, with the instructors, and with the boys 
with whom he is to work. It is very impor- 
tant that, from the start, a good impression 
should be made on the boy’s mind. He should 
be told what is expected of him and what he 
has a right to expect. He should become 
familiar with the shop and shop practices. The 
many questions that a new boy would naturally 
ask, regardless of how simple they seem, should 
be answered and explained with the greatest 
degree of patience. A good start to an appren- 
tice means as much to him as a good start does 
to a sprinter. 

A well-balanced training programme must 
assure the learner a variety of work in each 
division of the foundry. During the first two 
years, the apprentice is given training in vari- 
ous departments, covering the moulding and 
core-making for iron, steel and non-ferrous 
metals. The time spent on each kind of work 
depends upon his ability to assimilate the facts 
and perform the tasks required. This is known 
as the “training period,” during which he re- 
ceives the fundamentals of foundry work. An 
accurate record is kept of his progress. The 
last two years are spent by the apprentice doing 
general run-of-the-shop work, with the aid of 
the instructor, when necessary; this is known 
as his “experience period.” An accurate re- 
cord is also kept during this period. 


Basis of Training 


The system of training is built around 
Richard’s formula, which states that effective 
training is the result of the proper combining 
of the five requirements of a good mechanic. 
They are manipulative skill, technical know- 
ledge, auxiliary information, trade judgment and 
craft morale. From these is derived the for- 
mula: E=M+T+I1+J+ Mo. It has been 
found, however, that these five elements do not 
have equal weight. For instance, it is found 
that a mechanic has more need for manipula- 
tive skill than any other factor, because his 
workmanship, dexterity, speed and accuracy 
must be up to shop standards. Therefore, a 
value of 4 on the M factor has been estab- 
lished. 

A value of 1 has been placed on T (technical 
knowledge), which is termed “ confidence.” 
Although a mechanic does not have to be a 
highly technical man, he does need some tech- 
nical knowledge in reading a blueprint, rule, 
etc. A value of 2 has been placed on the / 
factor (auxiliary information), which has been 
broken down into the components “ curiosity ” 
and “assimilation.” A mechanic should keep 
up with what others are doing on similar jobs, 
what the technical Press says about it, or how 
they are doing it in other industries. 

J, or trade judgment, receives a value of 1, 
and instead of calling it by that term, it is 
called “resourcefulness”; in short, how well 
the apprentice uses his head in accomplishing 
his work. Mo (morale), the last factor, receives 
a value of 2. This has been broken down into 
the components “ interest” and “ initiative.’ A 
mechanic should be interested in his work and 
should have initiative enough to want the best 
results possible. Craft morale is important. 

Adding up the unit values gives a total of 
10 points. Attention is directed to the fact 
that the first two factors, M and T, are de- 
scriptive of the boy's physical ability to do the 
immediate job in hand, while the other three 
factors deal with the learner’s abstract quali- 
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fications. Therefore, the first two are called 
“aptitude” factors, and the last three “ atti- 
tude” factors, each division having a numeri- 
cal total of 5. The outline of the individual 
marking card used in the school is detailed 
in Table I. 


TaBLE I1.—Apprentice Marking Card. 


Ne grecik 2 ciivandsdotnas eceataiartbosaactsecasiens pesttesntunn desta 
(Aptitude) (Attitude) 
WORKMANSHIP () CURIOSITY (J) 

alesiaceieae Expert Serre 

See Skilled er 

epecineae (Intermediate) ........(Intermediate) 

cs Hemel Satisfactory soceees Average 

ceiere ee (Intermediate) ........(Intermediate) 

Tc = 8 «sss ' <a esaecegias Passive 

pi teaetacs Crude ........Indifferent 
DEXTERITY (M) ASSIMILATION (J) 

ceals salen Adept +++... Exceptional 

ere Clever ........Unusugl 

ae ee (Intermediate) ........(Intermediate) 

ieee wend Handy osceeee Average 

Oawtaaus (Intermediate) ........(Intermediate) 

éeadnan Clumsy ‘ciate sine 

ia sveaeee Bungling 0.0:0:6'2.5'0 6 

SPEED (M) RESOURCEFULNESS (J) 

eee al Swift ........Ingenious 

Pet Fast eT Eeee 

roe aierkatl (Intermediate) .+......(Intermediate) 

(kee hake et Average 

ake meter (Intermediate) ........(Intermediate) 

Sree Moderate oese.esdneffective 

eee edad Slow 0 9:06 5 0 eARORNONS 
ACCURACY (M) INTEREST (Mo) 

bAdinlcaat Exact Lert 

ui ee. <areccion High 

Keeney (Intermediate) ........(Intermediate) 

Papen Adequate «06:0: /e:s.0 

eae eckdeate (Intermediate) ........(Intermediate) 

sche ere na Faulty .++....-Moderate 

ae Tee Inadequate ino aeeeee 
CONFIDENCE (T) INITIATIVE (Mo) 

inal Inspiring oossees LeRl0us 

ceieeanes Positive ....+...Diligent 

ai enianaiate (Intermediate) ..+.+...(Intermediate) 

cries Certain weer | 

nee (Intermediate) ........(Intermediate) 

OT ee. Uncertain cecece ss Lastless 

kina ierae Lacking ........Indolent 


RR eS tie Bier Ea nero A Rae tN eee Instructor 


The apprentice is graded on every job he 
attempts; he is graded under each of the com- 
ponents of Richard’s formula. At the end of 
the month, the instructor evaluates the boy’s 
work, which determines his standing in his own 
craft. This card is then sent to the Super- 
visor of Training’s offices, where curves are 
plotted regularly showing each apprentice’s pro- 
gress. A sharp decline in the boy’s curve 
usually indicates definite trouble, and the wel- 
fare superintendent immediately investigates. 
Regular observance of these charts and prompt 
assistance in solving the boy’s difficulties have 
saved for the firm many good craftsmen who 
might have been failures otherwise. 

The standard for marking the apprentice is 
the volume and kind of work that the average 
mechanic would turn out under the given con- 
ditions. In that way, the instructor is not com- 
paring his boys one against the other, but he 
is keeping in mind a definite standard. The 
sum and substance of this grading system makes 
it possible for the instructor to measure not 
only the boy’s tangible qualifications, but also 
his intangible characteristics, which, as a matter 
of fact, are often more valuable to industry in 
perpetuating itself. 


The Head Phase 
.The term “head” is meant to include not 
all of the student’s mental activity, but only 
that part which bears directly on his technical 
advancement in his trade or craft, either speci- 
fically or generally; in short, the term means 
the mental training he receives in the classrooms 
and in the shops. The classrooms are looked 
to primarily for this development. Here the 
apprentice is taught physics, chemistry, mathe- 
matics, shipbuilding, mechanical drawing, Eng- 
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lish, and industrial economics. Students at.cnd 
class 6 hrs. per week, 9 months a year, for 
three years, while on the company’s time ind 
under the instruction of full-time teachers. The 
session begins in September and closes at the 
end of May. Unlike the usual proce tire 
followed in many educational institutions, the 
student is required to take all the subjects 


‘ scheduled. These subjects have been selecte: to 


assist him in his work and in his social «nd 
civic environment in the community. 


The Heart Phase 

Last, but perhaps the most important of ihe 
three H’s in the training of apprentices, is the 
“heart” phase. An apprentice may be a good 
mechanic, possessing an _ excellent technical 
background, but unless his “ heart” is right, he 
cannot be trusted with important tasks. Also, 
on the theory that all work and no play makes 
a dull boy, the management has from the first 
believed that young men need play and exercise. 
Consequently, a well-balanced programme is 
offered the apprentice by participating in and 
on athletic teams, the glee club, the band, the 
annual play, the student publications, the church 
life of the community, and intra-mural sports at 
their athletic centre. Properly supervised by 
competent coaches, the student soon learns to 
co-operate; the introvert boy is built up and 
the extrovert boy is levelled off. Character is 
always the goal in this phase of training. 

Training Summary 

In summarising the three “H’s,” it is felt no 
boy can become an efficient moulder unless his 
hands, his head, and his heart co-ordinate. For 
instance, some boys are willing and anxious as 
possible to do a job, yet they are unable to do 
it. Their heads say do it, their hearts say do 
it, but their hands cannot obey Their muscles 
and minds simply do not work together; so why 
waste their time and the company’s money 
when their talents should be utilised in other 
fields? The same is equally true when any one 
of the H factors is missing. There are enough 
craftsmen to-day who can do the job as long 
as someone stands over them and tells them 
every move to make. Why train more like 
them? What is needed to-day are mechanics 
who can think for themselves, and who not 
only know how to do the job, but also do it 
willingly. 

Selecting the Apprentice 

Inasmuch as each apprentice represents a con- 
siderable capital investment, it is natural that 
the greatest care should be exercised in selecting 
candidates from the list of applicants. Con- 
sideration should be given to his age, physique, 
scholarship, family background, residence, and 
initiative as evidenced by his past accomplish- 
ments. Other things being equal, preference 
should be given to the sons of employees who 
are already at work with the company. Each 
candidate for apprenticeship has to pass 4 
physical examination at the hands of the com- 
pany’s medical officer, and at regular intervals 
of one year he must pass another similar one. 
Every apprentice is expected to keep himself 
physically fit and mentally alert at all times. 

Selecting the instructor is just as important 
as selecting the apprentice. If the instructor 1s 
a man who is getting past the middle of his 
life, or if he is a man who has limited ability, he 
will never succeed as an instructor. First ol 
all, an instructor should understand youth: he 
should be willing to work with youth, help ‘hem, 


advise them. The young apprentice ieeds 
someone who can sympathise with him and 
his problems. _ : 

In the author's opinion, the training 0 
foundry apprentices is the kind of education 


that will perpetuate the foundry industry on 4 
high competitive level. It is the kind of e:uca- 


tion that will pay big dividends to the foundries 
that sponsor it. Lastly, it is a kind of cuca 
tion that will give economic society an} 


happy, useful, and purposeful citizens. 
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The Week’s News in Brief 


Trade Talk 


A WINDING-UP order has been made in the case 
of Wembley Aluminium, Limited. 

THE PRICE of linseed oil has been reduced to £46 
per ton, naked, ex-works, states the Ministry of 
Food. 

THE NEWCOMEN Society is holding its Summer 
Meeting in London to-day and to-morrow (Thursday 
and Friday). Visits to works and other places of 
nterest make up the programme. 

JHE NAME of the Foster Engineering Company, 
Limited, has been changed to Foster Transformers 
& Switchgear, Limited. The company is asso- 
ciated with Lancashire Dynamo & Crypto, Limited. 

THE DIRECTORS of Metal Industries, Limited, 
state that acceptances of the company’s offer have 
been received from holders of over 85 per cent. of 
the issued ordinary shares of Electrical Switchgear 
& Associated Manufacturers, Limited. The offer 
was conditional on acceptance by 80 per cent. 

A GOVERNMENT ANNOUNCEMENT States that owing 
to the speed-up, with Sunday working, etc., wage 
bills of contractors and sub-contractors on Govern- 
ment work will naturally be bigger. They are, 
therefore, advised to make all appropriate arrange- 
ments to meet the situation, if necessary in con- 
suitation with their bank. 

SPEAKING in the House of Commons recently, 
the Minister of Supply, replying to Sir Annesley 
Somerville, said that the question of increasing 
the use of iron castings in place of steel 
was being actively pursued and in certain cases, 
such as in the machine-tool and motor-car indus- 
tries, some substitution had already been made. 
It must be remembered that one main reason for 
the shortage of steel was the shortage of iron. 

UNDER THE Machinery and Plant (Control) Order, 
1940, the acquisition and disposal of the following 
amongst other classes of machinery and plant are 
prohibited except under licence issued by the 
Board of Trade:—Machinery for filling and closing 
containers (other than bottles) for merchandise; 
packing and wrapping machinery; paper-making 
machinery and plant; printing and bookbinding 
machinery; woodworking machinery. Machinery 
manufacturers should not commence work on orders 
for machinery or plant until they know that the 
user has obtained the necessary supply licence. 

Over the joint signatures of Mr. J. T. Atkinson, 
for the employers, and Mr. A. Callighan, for the 
men, a notice suspending all holidays at the blast 
Wrnaces to maintain the war production drive has 
¥en issued in the following terms:—‘ Mr. Ernest 
3evin, Minister of Labour, having appealed to 
tdustry to cancel all holidays for the time being 
@ order to maintain production in the present 
emergency, it has been mutually agreed between the 
National Council of Associated Ironmasters and 
the National Union of Blastfurnacemen to suspend 
operation of the holidays-with-pay agreement until 
further notice.” Mr. Callighan states that the 
holiday position for 1940 will be reviewed at the 
first available opportunity. 

THE BOARD OF TRADE have made an Order re- 
‘tricting supplies to retailers by manufacturers and 
Wholesalers of a wide range of goods. The restric- 
lon, to operate over the next six months, is by 
one-third of the value supplied in the corresponding 
period of 1939. The main purpose of the Order is 
(0 liberate labour, material, and productive capa- 
city for essential war purposes and exports. The 
list of oods to which the restriction applies covers 
mainly household goods, apparel, etc., but the fol- 
products of interest to the metal trades are 
included : —Office and other furniture made wholly 
or mainly of metal; fittings of the kind commonly 


used in interior lighting systems; domestic hollow- 
Ware metal; cash registers; domestic plate 
Washers. fans with motors not exceeding 1/10th 
horse-pcwer; lawn mowers; laundering machines for 
domest purposes such as cleaners and washers; 
ringers refrigerators having a storage capacity not 
exceedir: 12 cubic feet: electric appliances used for 
domesti purposes. 

THE ‘\ES OF RESERVATION of the following occu- 
Pations -re to be raised, with effect from August 1, 
‘rom 25 ‘0 30:—Enameller, etc-—Metal and metal 
800ds er ameller (non-vitreous); Japanner; lacquerer; 
‘lover; ‘nspector viewer. Stove, grate, range, re- 
Irigerat radiator maker assembler—Foreman 
—— nd; stove, grate, range, etc. (not gas or 

1c} 


‘itter assembler, fitter up; gas fire, stove 


electric 
assembler 


(cooker), refrigerator assembler maker; 
fire, stove (cooker), refrigerator 
maker; radiator (heating) assembler; repairer 
stoves, refrigerators, etc.; tester passer; gas 
fittings maker assembler; foreman charge hand; gas 
fittings assembler, gas fittings maker; plugger (gas 
fittings); tester (gas fittings); lamp, lantern, oil stove 
maker assembler; lamp assembler (carriage, cycle, 
motor); oil stove assembler; prover tester. The 
following is a new entry in the Schedule of Re- 
served Occupations, with immediate effect :—Tech- 
nical adviser, technical expert, technical representa- 
tive (not commercial traveller, salesman, or demon- 
strator) engaged whole-time in giving advice to 
users of machinery, plant or materials for indus- 
trial, commercial or agricultural purposes. The age 
of reservation is 25 years. 








Obituary 


Mr. JouN New REID, who was manager with 
Jones & Campbell, Limited, of Torwood Foundry, 
Larbert, since 1912, has died at the age of 70. 
He had been 56 years with the firm. 

Capt. WILLIAM G. RICHARDS, younger son of 
Mr. Walter Richards, principal of the firm of W. 
Richards & Sons, Limited, steel rollers and iron- 
founders, Middlesbrough, has died of wounds re- 
ceived in action. 

Mr. WILLIAM EpwIn ParkKER, a local director 
of Hadfields, Limited, and a recognised authority 
on armour-piercing projectiles, has died in Sheffield. 
Mr. Parker had been associated with Hadfields, 
Limited, for more than 40 years, first as a metal- 
lurgical chemist, and in recent years as manager 
of the company’s Hecla Works, Sheffield. He was 
aged 60. 








Reports and Dividends 


R. A. Lister & Company, 
dividend of 5 per cent. 

Modern Machine Tools, Limited—Final dividend 
of 74 per cent., making 15 per cent. 

Tweedales & Smalley (1920), Limited—Profit for 
the year to April 30 last, £52,791; final dividend of 
74 per cent., making 10 per cent. 

Cannon Iron Foundries, Limited—Company is 
passing the half-year’s dividend, due July 1, on the 
54 per cent. redeemable preference shares. 

Bradley & Foster, Limited—Final dividend of 4 
per cent., making 8 per cent. for the year to 
March 31, plus a cash bonus of 2 per cent. 

Mason & Burns, Limited—Net profit to March 
31 last, after tax, £4,227; brought in, £3,659; divi- 
dend of 124 per cent.; carried forward, £3,759. 

Crompton Parkinson, Limited—Interim dividend 
on ordinary and “A” ordinary shares of 74 per 
cent. on account of the year ending September 30 
next. 

J. Stone & Company, Limited—Profit for 1939, 
£204,012; brought in, £217,073; dividend of 25 per 
cent. on the ordinary shares; carried forward, 
£231,986. 

Ruston & Hornsby, Limited—Net profit for the 
year to March 31, £258,583; brought in, £55,957; 
ordinary dividend of 124 per cent.: contingencies, 
£30,000: to general reserve, £25,000; carried for- 
ward, £75,016. 

Baker Perkins, Limited—Profit for the year to 
December 26, after making provision for income 
tax, N.D.C. and E.P.T., depreciation and A.R.P., 
£97,490; final dividend of 34 per cent. on the ordi- 
nary shares, making 7 per cent. 

Wallsend Slipway & Engineering Company, 
Limited—Profit for 1939, £98,717; brought in, 
£51,156: preference dividend, £6,540; interim divi- 
dend of 7 per cent. on the ordinary shares, £20,864; 
final dividend of 8 per cent... making 15 per cent., 
£23,845; bonus of 10 per cent. on the ordinary 
shares, £29,806; staff superannuation fund, £12,500; 
A.R.P., £7,000; carried forward, £49,318. 


Karabuk Steelworks 


In our issue of May 23 (page 390), it was stated 
that the Karabuk Steelworks in Turkey were about 
to commence rolling tubes. We are now informed 
from an authoritative source that the works is to 
manufacture cast-iron pipes, using the vertical pro- 
cess, but not steel tubes. 


Limited—Interim 
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Personal 


Capt. E. C. E. SmirH has been elected a director 
of John Brown & Company, Limited, shipbuilders 
and engineers, of Clydebank. 

Mr. R. H. YounG has been appointed London 
office and warehouse manager of the Grahamston 
Iron Company, Limited, Falkirk. He was pre- 
viously in the employ of Southern Foundries, 
Limited, of Croydon. 

Pror. W. L. BRAGG was elected President of the 
Institute of Physics at the annual general meeting 
held on Wednesday of last week. He will take 
office at the beginning of October. Dr. B. A. Keen 
was elected Vice-President. 

Mr. JoHN DuRRANS, whose engagement we an- 
nounced last week, is of the firm of John & C. 
Durrans, of Pennine Works, Hazlehead, near Shef- 
field, and not of Jas. Durrans & Sons, Limited, of 
Phoenix Works, Thurlstone, Sheffield. 

Mr. G. E. BalLey, a director of Associated 
Electrical Industries, Limited, has been elected 
president of the Engineering and Allied Employers 
National Federation. He succeeds Sir Charles 
Craven, who resigned following his recent appoint- 
ment as Civil Member of the Air Council for 
Development and Production. Mr. Bailey is presi- 
dent of the Institution of Production Engineers. 

Mr. Cyrit VINER, who has been with Tecalemit, 
Limited, Great West Road, Brentford, Middlesex, 
for many years, is leaving immediately by air on 
a world tour to investigate the market conditions 
for high-pressure lubricating appliances within the 
British Empire. His first objectives are Australia 
and New Zealand, where he expects to remain 
for a period of some months, visiting the various 
industrial centres. 

Sir FRANK EpwarpD SmiTH has been appointed 
to control telecommunications equipment at the 
Ministry of Aircraft Production. He will have 
full authority. Sir Frank Smith was the super- 
intendent of the Electrical Department at the 
National Physical Laboratory from 1901-20, Direc- 
tor of Scientific Research at the Admiralty from 
1920-29, and from 1929-39 secretary of the Depart- 
ment of Scientific and Industrial Research. 

Mr. James A. Morris, who recently retired 
from the chairmanship of Glenfield & Kennedy, 
Limited, hydraulic engineers, Kilmarnock, received 
a presentation from the directors at the annual 
meeting of the company, and was also handed 
a gold medal to commemorate his continuous ser- 
vice as director and chairman from 1885 till 1940. 
Mr. E. Bruce Hall received a presentation to mark 
his completion of 21 years as managing director. 

Sir WILLIAM Firtu, president of the Swansea 
Metal Exchange for the past six years, it was 
reported at the annual meeting of the Exchange 
last week, had expressed a wish to resign that 
office. He felt that in the present abnormal times 
he would not be doing justice to the office without 
being actively engaged in the industry. A resolu- 

tion appreciative of Sir William’s services was 
adopted. Capt. H. Leighton Davies, a director of 
Baldwins, Limited, was elected president for the 
ensuing year. 
Wills 


BairD, D. H., of Baird & Tatlock (Lon- 
don), Limited, scientific instrument 
makers en ee ne ais 

MaTHER, G. R., founder of Mather 
(Wellingborough), Limited,  engi- 
neers and ironfounders ies fs 

GILcnRisT, J. B., managing director of 
the Grange Foundry Company, 
Limited, Shettleston, Glasgow... 

Giutott, J. P., of Sheffield, a director 
of Marple & Gillott, Limited, iron 
and steel merchants, and a director 
of the Burton Constructional Engi- 
neering Company, Limited, Burton- 
on-Trent ca aed fe 


£68,652 


£79,006 


£10,098 


£10,561 








New Companies 


Limba oe Register complied by Jordan & Sons 
* . an 
Chincery Lane, London, WOR) — ae 

Edward Farr, Limited—Capital. £10,000. Engin- 
eers and metal plate workers. Directors. E. Farr, 
53, Highfield Crescent, Hornchurch, Essex; M. G. 
and G. Farr. 

Crossland & Wood, Limited, Citadel Works, 
Legge Street, Birmingham—Capital, £2,000. Manu- 
facturers of spraying machines, brassfounders, etc. 
Director: A. G. Crossland, 57, Philip Victor Road, 
Handsworth, Birmingham. 





FOUNDRY TRADE JOURNAL 


Raw Material Markets 


The Restriction on Engagement Order, made by 
the Ministry of Labour and National Service, which 
came into operation on Monday last, is expected 
to be of considerable benefit to the iron and steel 
trade. The Order stipulates that employers in the 
general engineering industry must, when seeking 
to fill vacancies on their staffs, notify the local 
office of the Ministry of Labour and not endeavour 
to engage a man by other means. This procedure 
is introduced to stop the “poaching” of labour, 
which has done much to hinder various industries 
in the past. There are other clauses in the Order 
which should prove advantageous to the industry 
and to the war effort generally. Government 
departments, chiefly the Ministry of Supply, are 
providing iron and steel makers with substantial 
orders, and there is now little opportunity to accept 
business from civil sources. Outputs, already at 
record levels, are being expanded wherever pos- 
sible, but full productions are immediately taken 
up in most instances, the high-phosphorus iron 
trade being the weakest section at the present time. 


Pig-Iron 


MIDDLESBROUGH—Owing to the increasing 
needs of the steel industry, the amount of foundry 
iron available is steadily decreasing, as more and 
more furnaces in the Midlands are being transferred 
to the production of iron for the steelworks. Con- 
sumers of foundry iron here have for some time 
been drawing their supplies from the Midlands, as 
the output of Cleveland foundry iron has become 
almost negligible in recent months. The foundry- 
iron position, however, is not unsatisfactory, as 
quite good deliveries are still being made from 
the Midlands. 

After the hematite needs of the steel plants 
have been met, there is only a small surplus left 
for distribution among other consumers. Local 
engineering concerns are taking up considerable 
tonnages, while steelworks in the Sheffield district 
continue to make regular demands for supplies. 

LANCASHIRE—While the light-castings trade 
continues to be slack on the whole, there has been 
some improvement in the position of jobbing 
founders, many of whom are able to operate their 
plant more satisfactorily than for a considerable 
time past. Supplies of foundry iron are being 
rationed to users who are not doing work of 
national importance, as there is a strong demand 
from undertakings engaged on Government con- 
tracts. With the exception of light-castings makers 
and some jobbing foundries, consumers are busy, 
and large tonnages of pig-iron are changing hands. 
A moderate demand is experienced for Scottish 
iron, while the call for West Coast hematite is on 
steady lines. 

MIDLANDS—Production of high-phosphorus 
iron has been rather below normal levels for many 
months past and, although the demand, too, has 
been comparatively quiet, there is little to spare 
after current needs have been met. The main con- 
sumers of this type of iron, the light-castings con- 
cerns, are still experiencing quiet times, with few 
prospects of any early improvement, but the inten- 
sification of the war effort has involved a larger 
call for high-phosphorus iron for other works, and 
it is intended to safeguard supplies for these con- 
cerns. A few light-castings makers have been able 
to secure orders for engineering castings and 
machine tools, thus providing more employment 
of their plant and labour. Low-phosphorus iron 
and hematite are in very heavy demand, but, for- 
tunately, outputs have recently been enlarged, espe- 
cially of the former, and deliveries are being made 
satisfactorily on the whole, although there is no 
surplus. Heavy engineers are fully occupied on 
work of national importance, and the light-castings 
makers form the only really slack section. It may 
be possible for the latter to deal with additional 
export business in the future, as, although the pro- 
duction of domestic castings for the home market 
is restricted, the need for expanding the export 
trade of the country may result in a certain amount 
of overseas business for this trade. 

SCOTLAND-—Stocks of pig-iron are non-existent 
and full productions are moving away immediately. 
The present system of licensing does not allow users 
to build up reserves, as they would wish, owing to 
the desirability of conserving iron for urgent work. 


Light-castings manufacturers, now slightly busier 
through the placing of small Government orders, 
are obtaining their requirements from the English 
Midlands. It is hoped that further official work 
will shortly be found for this section, which has 
been working only intermittently since before the 
outbreak of the war. Iron for the steelworks is 
required in ever increasing tonnages since the intro- 
duction of the seven-day week. Imports of basic 
iron are arriving on a good scale. 


Coke 


Foundry coke is in strong demand and the higher 
prices now in operation have had no effect on busi- 
ness. Good deliveries are being made by the ovens, 
which are willing to enter into forward contracts 
subject to payment being made at the price ruling 
at the time of delivery. For delivery to Birmingham 
and Black Country stations, the price of Durham 
best foundry coke is 55s. 6d. per ton. 





Steel 


In addition to the direct demand from Govern- 
ment departments, such as the Admiralty and Air 
Board, there is an insistent call for supplies of steel 
from firms engaged on Government work. Struc- 
tural engineers and shipbuilders are particularly 
pressing in their demands. All fresh business is 
now, of course, subject to the sanction of the Con- 
trol authorities and thus available supplies of steel 
are directed into channels of the most importance 
in the national interest. Special steel for the pro- 
duction of munitions. including shell steel, is in 
great demand and will continue to be so, as the 
Government is placing heavy orders with makers. 
The effect of the working of seven days weekly 
at the consuming plants is already being reflected 
at steelworks, which also, of course, are working 
to capacity. 


Scrap 


Appreciable progress has been made during the 
past few weeks in the scrap iron and steel collection 
campaign and it would appear that most sources 
of supply are now being tapped with greater deter- 
mination. Merchants are acquiring gratifying ton- 
nages week by week, while local authorities are 
playing an important part in bringing out old metal. 
In several places council employees are voluntarily 
collecting material after their normal working hours 
and such co-operation is producing good results. 
It is only recently that many people have realised 
that the larger the supplies of scrap metal which 
become available the more efficiently can our arms 
programme be carried out. In many districts, 
private profits are being eliminated from the sale 
of scrap and such worthy bodies as the Red Cross 
are benefiting considerably. Steelmelters are receiv- 
ing large tonnages from home sources, but there is 
still the necessity to import scrap on a large scale. 


Metals 


The entry of Italy into the war inevitably brings 
up the subject of Italian stocks of non-ferrous 
metals. In the past few months large shipments 
of metal have been acquired from the United States. 
which have emphasised Italy’s dependence on im- 
ported supplies. Almost all of her copper, tin and 
zine requirements have to be imported, while her 
consumption of lead is in excess of her production. 
It was, perhaps, a significant fact that a day or 
two before the Italian declaration of war shipments 
of United States copper recently purchased by 
Italy were cancelled on the orders of the Italian 
authorities. 

Members of the London Metal Exchange are 
wondering if the recent change of leadership at 
the Ministry of Supply will bring a revision of the 
policy regarding sales of copper, lead and spelter, 
dealings in which have been suspended since the 
outbreak of hostilities. The chairman of Metal 
Traders, Limited, recently stated that 60 firms on 
the Exchange had been forced out of business. 

The American copper market has been quite 
active of late. In addition to purchases on United 
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Kingdom account, Japan has bought son. 3,099 
tons, while both China and Turkey have ‘ndereq 
inquiries. The future of British buying in t!-> States 
is uncertain, but it is not anticipated that i: will be 
necessary to place much business there, in view off 
the vast resources of the Empire. 
The tone of the tin market is firm and |e cash 
price advanced £6 per ton following the Italian 
decision to enter the war. The Control aw: jorities 
are distributing supplies of spelter and ‘ad as 
freely as possible to users engaged on Gov. nment 


and other contracts of national importance 
tonnage changing hands is extremely heavy 

London Metal Exchange tin prices thi 
have been as follow:— 


id the 


week 


Cash—Thursday, £274 10s. to £274 15s.; «riday. 
£277 to £277 10s.; Monday, £278 15s. to £279: 
Tuesday, £284 15s. to £285 5s.; Wednesday. £286 
to £286 5s. 

Three Months—Thursday, £272 10s. to £272 15s,: 


Friday, £275 5s. to £275 10s.; Monday, £277 15s, 
to £278; Tuesday, £284 10s. to £284 15s.; Wednes- 
day, £285 to £286. 

Stocks of commercial grades of non-ferrous scrap 
continue to mount up, but there is a strong demand 
for the higher grades. 








Patent Specifications Accepted 


The following list of Patent Specifications 
accepted has been taken from the ‘‘ Official 
Journal (Patents).” Printed copies of the full 
Specifications are obtainable from the Patent Office, 


25, Southampton Buildings, London, W.O.2, price 
ls. each. The numbers given are those under 
which the Specifications will be printed and 


abridged, and all subsequent proceedings will be 

taken. 

519,977 MERLE, J. 
metallic products. 

519,978 MerteE, J. M. Apparatus for making flat 
metallic products. 

519,979 MeRLE, J. M. Flat metallic products. 
519,999 METALLGES AkT.-GEs. Gas-tight furnace 
heads for drum or rotary tube furnaces. 
520,024 INLAND STEEL Company. Method of add- 

ing lead to steel. 

520,025 Laise, C. A. Refractory alloy composi- 
tions. 

520,035 ZUNCKEL, 
metals. 

520,072 INLAND STEEL COMPANY. 
ing lead to steel. 

520,227 INLAND STEEL COMPANY. 
means for adding lead to steel. 

520,277 BRASSERT & COMPANY, LIMITED, H. A., 
CoLcLouGu, T. P., and BRASSERT, H. A. Manu- 
facture of iron and steel. 

520,282 RUHRSTAHL AKT.-GEs. 

520,450 BRITISH INSULATED CABLES, LIMITED 
BANNISTER, L. C., and CLEMENTS, W. J. Ap 
paratus for controlling the production of inert 
atmospheres. 

520,585 BRAYSHAW FuRNACES & TOOLS, LIMITED, 
BRAYSHAW, S. N. and RusuTon, F. Devices for 
regulating and proportioning the supply of gas 
and air to furnaces, or for other purposes. 

520,586 SALEM ENGINEERING COMPANY, LIMITED, 
and HoLpen, J. W. Soaking-pit and like fur- 
naces. 

520,589 BeRGHAUS, B. Electrical vacuum anneal- 
ing and fusion furnace heated by glow- 
discharge. 

520,590 BEeRGHAUS, B. Heating of ovens by elec- 
tric glow-discharge. ; 
520,598 BatLey, R. W., METROPOLITAN-VICKERS 
ELECTRICAL COMPANY, LIMITED, and ENGLISH 
STEEL CORPORATION, LIMITED. Production of 

metal castings. 


M. Method of making flat 


B. Continuous casting of 
Method of add- 


Method of and 


Steel alloy. 








Applications for Trade Marks 


The fotlotcing list of applications to register trade 
marks hoe %2en taken from the “Trade Marks 
Journal” :— ; —- 

“ HILCHIL” with snow-capped peak device. 
Castings of non-ferrous metal. C. & L. Hil 


LimiteD, Sandbeds Foundry, Stringes Lane, Willen- 
hall, Staffs. = 

“* FORWELL *—Machines for metalling or !ining 
bearings, and jigs for use therein; machines for 
boring connecting rods, cutting piston ring g/00ves 
and surfacing. FORD WELDING & ENGIN:ERING 
COMPANY, LIMITED, Tunnel Works, Queen Street 
Cardiff. 
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